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GEOLOGY OF THE UHLE BELT MOUNTAINS, MONTANA. 



By W. H . WsBD. 



CHAPTER I. 

rNTRODtrcnoN. 

Tlif licltl work npon wh!("h the present report is based was <loiip in 
8ei>teiub<'r, is<Si, and August, lt^94, while the writer wan eugaged iu 
u ikreal gonlogie aorvey of the ragfoB. Darin; both theiie ypsn be 
was accompanieil by Prof. L. V. Pirason, of the Sheffield Scit'iitiflc 
School of Yale University, who shared with him the vicissitudes of 
camp life and visitetl nearly all the localities aeeu. The writer is under 
obllg»tlonti to lifn for imuky k«itt obaenratioiis In the field aa well m 
for the cnrefiil potrotrrapliic study which he baa made of the igneous 
rocks of the range (see accomimnying pa|>cr). 

OwiDg to tbe neoeiaity of revising the topographic map, especially 
of the area aboat Ndluvt and Barker, the two mining settlements of 
the region, th«» prepnrntioii r)f tliis report was delayed until this 
revision was made, and in September, ]8Uti, a part of the range was 
tfeanrreyed by Mr. B. H. GfaapmRn, bat tbe heavy autamnal abowera 
prevented farther gpnlo^ic Held work in that year. In 1897 threi^ 
weeks wen* spt iif at Xiiliart revising the sreolo^ric yninndarit's of the 
uew niai> ami visiiiiig the ore deposits of The disirittt. The author was 
in that year aaaisted by Mr. L. 8. Griawold, Ibnnerly of the geologie 
staff iif Harvard I'idversity, now of Helena, Moulana. To him was 
intrusted the delineation of tlie c^intact boundaries of tbe igneous 
masses about Harker and a study of the ore deposits. 

All of the range does not apitear on the folios iaaaed by the Snrvey, 
thontxli hntli rhi- Mttle Belt Moniitain folio, named from the range, ead 
the Fort Benton folio iuulude parts of the chain. 

It mnat be remembered Umt the study of the region was ineUleiital 
to this areal mapping and that it was not a detailed iuveatigatimu 
For this reason, and because of the smal! .-^i alo of the map, this report 
must he regarded as a general des<',npticni only. 

GEOGRAPHIC POSITION. 

Th^ Little Piolt ^roimtains arc situated in the ceritTal part of the 
Stale of Montana, as shown on llie index map ^tig, M). They form 
part of the Boehy Moantaia regioa^ being one of tbe eastern of the 

m 
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bordering or front ranges, which project horn the ;;eneral moantain 
are.t into the open country of the (treat Plains. Ttu v lio to the Nouth 
of the plains ol' the Missouri Kiver huiI midway between that stream 
and the Tellowfitone. Their drainage is, however, all tribatary to the 
Missouri. The range has a genecnl rnvthwe^t southeast trend. It 
is ch*arly (lefiiic<l lietween the ]»lains oonntry and the l)road intermou* 
tane valley of Siuitli liiver, but its western extension is indetiiiite^ 
tboogh enrreutiy aeoqited as ending wbere Smith River baa cat ita 
valley northward through a relatively lower though somewhat moun- 
tainous <'oantry. The mountains were seen by Lewis and Clarke in 
their historic tiip up the Missouri Kiver in 1SU4-18(>5. They undoubt- 
edly derive their name indireetly from Belt (or the Bdted) Button » eoii> 
spiouoiu emineiioe rlaing above the open plains eoontry nortii of tlie 
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mooDtaina. Belt Kiver, named iVom the batte, has its sooroe in the 
range, and no donbt suggested the name of the latter, while the celn> 

tively htw elevation and jdateau character of the mountains, as c5on- 
trasted with the range south of it, suggested the a<^ective Little, in 
oontiadiatinotton to Big Belt. 

SETTLEMENTS. 

The gold discoveries which brought a host of energetic prospectors 
into the State in the aiztiea resulted In a general seanbing of the 
mountain n'pion of Montana for mineral de|>osit.«. It was not, however, 
until ls7»; tlmt the discovery of the silver-lead ores of Barker directed 
e.speiial attention to this tract. Neihart is now the princijial town, 
with a popnUtion varying from 500 to 2,000, aeoording to the aotlvity 
in the mines. BarkeO) though nearly deserted for many years^ lias now 
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a few buudreil iubttbiliiutH. Moiiarub, u distribating }>oiut for tbe 
Klbbey BMiot is tbe only othtt town irttbin Uw moontftliM, thongk 

post offices are niaintatiicil at a few i^iiiits for the hpnelit of the scattered 
aettlers of tbe region. A branch line of tlie Greiit >rtjrtbern Railway 
extends from Qtoat FaOs into tbe lieark of the range, lines ranniiig to 
botb Neiliait and Barlcer. There are very few wagou roads, and tbe 
greater part of the ran^rp is :icf(.R«i!t!(> n\:\y mi hnrsfljiMsk, though the 
voed to White Sulpbur bpriugh ruu8 aciutki its «>eut«r. 

The dinate is rigorous, as mmld be expeeted ttwu the etovation. 
Ontalde «f the few small bottom-land sveas alimg the creekSi and the 
meadowM of Belt Park, no crop except liay can be raised. The acabla 
land 18 limited and the region has no agricultural possibilitie^i. 

The general elevation being over ft,000 feet, the snowftll is heavyy 
and tlu> road^t across the range are blocked by the deep drifts as late 
as June. Juuo and Oc-tober are commonly stormy montlis. but the 
intervening sauituer jHTiod i^^ (;liiU'acteri/.ed by an aluiobt ideal diiuule. 

PREVIOUS EXPLORATION. 

In 188S Prof. W. M. Da via crossed the range, viaitiug Neihart, in an 
eoonomio expkmitI<Ki oondneted Ibr ttie Northern TransoODtinentiil Bat- 

vey of the Northern Pacific Railroad Company. He published a brief 
aoconnt of hia observations in the Report of the Tenth t 'ensna on Mine 
Industries.' Ue gives the main £acts of geologic stimcture and strati- 
gnqihie seqnenee, and noted eepeelally the fine geoliHlie aectious in the 

iiorthorn part of the raii^re. He was arcompanied and assisted in this 
work by Mr. Waidemar Lindgren, who made a special study of the 
igneous rocks, described their occurrence, and gave a description of the 
principal rocks. His work will be alluded to later. In 1884 I'rof. J. 8. 
Newberry visited Neihart and looked over tlic ore deposits there, and 
in the same year he published a short account of his observations on 
tiie geology of the range.' 

TOPOOBAPRY. 

The Little Belt Moimtains arc commonly spoke?! of as a range, but 
ace more correctly designated as au elevated and eroded plateau regioiif 
as is plain^ shown by the topogra])hic map (PI. XXXVI). Individual 
peaks along the northeastern tlank rise above t\w i^eiteral level, and 
give tlie serrated crest line seen IVotii the open phiins. Compared with 
the compact, well deliued mouutaiu ranges common in the Corddleras, 
the Little Belt tract is relativsly low, wide, and eoaposed of many spurs 
radiating from a central poinl. The mountains conetitnte, however, a 
tract sharply delimited from tiie adjacent plains country on the north- 
east and southeast, and separated by the broad and ilat Smith River 
Valley from the Big Belt Bange. Weatward the deep canyon of Smitli 

of Montjinato ths aldor rockii; with appondixM on fiimlla by R. P. Whitttrld 
hf W. Uadcnsi BtyKl 9t Tstb Onimu, TuL XV. p». M-m, W«h» 
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Biv«r ontUnM tiie bonier of the monntftliit, the legion beyetid betng of 

gentler relief, in stroug contrast to the weeteni eloiMe of the Little 
Belt. The recfioii thus delimited is HO miles across from past to wpst, 
4U milea wide on ita western border, and narrows eastward to a sbarp 
point tennlnfttbig nt Jndlth 0»p. The letter V lepreeentB the plan of 
the mountains, the angle pointing east. 

The wnt^T parting of thf- monntains is the approximate axis of the 
nplitt, though not the highest part of t he moontains. It runs northwest 
and wmliieaBt, and tikia la eonnionly apoken of aa Ae trend of the 
range. 

Throughout the greater )>art of the region the mounttiius are platcaa- 
like. There are no narrow crest lines marked by aretes or sharp 
peaka, hot broad, flat tope prevaiL Theaverage elevation fa 7,600 ftet^ 
thnnph in the rpntral tract from ^vhich the spars raiUnte the summit 
level is 8,4XK> feet. While this platoan eharacter prevails over, the 
greater part of the traet, the higher Bommite fyaoA aimg the noitbeaat 
border rise above tliis genial level, are different In form, and more or 
less isolated. The highest summit of the monntains. ealh-tl Big lialdy, 
reaches an altitude of il,UOU feet The other i>caks are much less in 
height. These moantain maaMa ahow ronnded or dome-shaped snm- 
aiita, which rise above and aw distinct from the rest of the range. 
Tttese individual montitain masses owe their prominence to geologic 
stTuctnre, as will be shown later in this report. The Little Belt MouQ' 
tains are bonnded by soft and eaailf eroded roeks, Mid owe their 
prominence as well as their uplifted position to this fact. Within the 
mountain tract rock cbara< ters and geologic structure determine topo- 
graphic form. So iutimatti m this relation that it is diHicult to discnss 
one without diaenaiing the other. 

There are no big and broad valleys within the mnnntains. The 
Streams flow in deeply trenched courses, open and wide in the softer 
ahaly roeks, narrow canyons in the harder limeatone utrata. The 
region is suAlciently rugged to be cliaraoterized as inountaiuoiis. t hough 
onl^* alpine about tin- hij,'hest peaks. Suinniit i)latenn« are Inndered 
by high escarpuienu^, and along the streams the towering limestone 
oUflli, walling in deep gorges, present difftonlties to travel and lend 
plet iire.sfjiieness to the aeenery. 

Secoiidaiy plateans are rommnn in the rcntrnl ;ir<-,i. where the betls 
are horizontal or gently inclined. Kcsistsiut rockK determine broad 
leveia separated by deep gorges, and where snch levels are emphaaised 
by differences in vegetation, a.s is the case In Belt I'iirk and the other 
quartzite parks near Ni-ihart. the contrast wi»h the wooded slojtes 
above and below it> very uiarkeU. Smaller benches, due lo igneous 
aheeta, are also eommoa. Th» smaller parks of the moantains owe 
their existence to soft rocks. Bear Park and several otlier ptO^ val- 
leys are formed of synclinal folds of Carboniferous shale. 

Along the monntaia flanks the streams cut aoroes the upturned beds 
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in luurron gulches. Here the abrupt toaoaitbn from soft to bsrder 
rooks is strikingly shown in the reflalting aoenery. Tho sfereanis pass 

throngrh narrow clefts in tin massive limestones — jjftteways from the 
open, arid plains to the vei-dure-clad uionntain valleys. Along the 
larger 8tr«MiS saoh gorges are wider, tiratigb generally impassable, and 
the limestooes present a bewfldcring array of pinnacles and towen» 
outle-like bhmuMi natoral accbwaya, nnd libbooed walls. 

DRAINAOB. 

The region is well watered, the rainfall and snowfall being relatively 
abundant. The raiif?*' is a r»Miter froni which streams radiate in all 
directions, bat the Judith, iiuit, and Smith rivern aie the trunk Mtream^ 
drainiig the east, north, and west dopes, leqieetively. Be fkur as tt 
has been stinlied, the draiiiagt^ is consequent. Smith Itiver is, how- 
ever, a reversed stream, and a northward tilting in recent geologic 
time has accelerated northward-flowing streams and retwded aoath- 
ward drainage ways, and Its effects are seen in one or two beheaded 
and reversed streams. 

The character of the streams i8 dependent npou the nature and stmo- 
tiue ef the loekt, and eeeoidingly the Btreams are perennial, inter- 
mittent, and iutermpted.* The fofmer occur only in impervloaS reeks, 
shale?' or the igneons rocks. The intermittent streams, Qowiug only 
in wet weather, or the time of melting snows, are common where the 
eatdment area is small, bat ar« espeeialty ^wraeteristle of limeetone 
areas, where the waters sink and are lost in the rock^. Where the 
stmcture brings an nnderlying imperrions stratnm or an igneous rock 
to the surface, such waters otteu reuppvar as springs. About the 
meontain flanlss the dry drainage ways wUdi erosa the sorroimding 
plain often have springs a few miles from the monntidnK. The "inter- 
rupted" streams have flowing water only where their channel is cut 
in impervious rocks. In the limestone areas, even a large and rapidly 
flowing stream will sink beneath the surfttce and disappear, leaving tiie 
stream channel bare and dry iinf il, some lower level, the water comes 
to the surface and forms a howiug stream for a short distance, and 
then disappears again. Dry Fork of Belt Creek, and Bdt Greek below 
Hooaiolliaiid the forks of tiie Jaditb exhibit this character during the 
summer months. There are no wateifalls in the mountains. The 
Streams have, however, a steep gradient, and water power is readily 
available. BeltC^khasafldlof l,077liaetin27nille8,fl!emNelhait 
to the point where it leaves the mountains at Rioeville. The grade is 
82 feet per mile between Neihart and Monarch, 17 feet per mile between 
Munatch and Lugging Greek, and 40 feet per mile through Sluicehox 
Oanyon. 
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VEGETATION. 

The moantaiiis are very generally forest clad, their dark slopes being 
in Romber contrast to th% sorroouding arid plains. The tiiober is, 
however, mostly amalL Yellow or lodgepole pine {IH»m» mvrrajfom) 
is fhe prevailing species. lu some tracts it forms Tit-ps's whose trees 
are 10 to li inches in diatoeter; but more commouly it is smaUer^Mid 
baraed-oyer tracts have a denae thicket of pole pine. The nnial char- 
acter of the foreifr growth of this epeefcB of pine is shown on PL 
XXXVII, n. Spnice and fir are also fonud alonfr wet stream bottoms 
and on moist and cold northern exposures. The wiiite pine {l^^eneUii) 
im alao Arand <m the plateau emiUDite, and aonth of Neihart has boea 
extensively cut for lumber. 

The cliarnctpr of the timber rrrowth varies with the exposure. On 
sou 111 w aid- facing slopes the growth is sparse aud open, with gras^iy 
intenpaees. On- northerly ezposinres tiiiok and dark fbreats prevail. 
Tlie plateau snmmits are beautiful in their alteriiatioii of {jlade and 
grove. The grouping of pine and spruce is icieai iu form, and the opens 
arc bright with iannnterable flowers. The growth also varies somewhat 
with the ebuneter of the roek, or rather with the physieal natate of 
the soil formed. The barren Belt shales produce but little soil and sup- 
port scanty vegetation. The sandstones and quMlzites and the fine 
difl>iiB ef Igneous rooks are generaUy densely wooded. The GanbriMi 
ehatM) on the eODtraiy, osaally wideri^ an opeoi park oountiy. 

8TRUCTURB. 

l%e general atmetnre of the little Belt B«ige is that of » low fla^ 

topped arch, which is 20 miles wide on the west and narrows to a point 
on the east. On the summit of the arch the rocks are gently inclined 
or horizontal. On the dauks or shoulders of the arch the rocks dip 
Steeply away flrom the nplift. This is shown in tbm aeetlona, drawn to 
natural ."(rale, across the range, contained in fidios ITos. 05 and iM^ of 
the Geologic Atlas of the United Static 

This simidicity in straetare is modified by a groat fissure extending 
from Togo Peak northeastward for 13 miles. Ttd» fracture, filled by 
igneous rocks forminpf a stflck,' was the < crtfpr from which numerous 
sheets and dikes were sent out as iutrusious la the Hotter shaly stxutsi, 
An even greater modification of the general arch of the range is seen 
along its northern flanks, where great bodies of igneous rooks are 
fonnd intruded between the rrystalltjie schists and gneisses and the 
overlying sedimentary rocks. These lutrosions are laccolitbic iu char- 
acter and arch np llie beds above them, thus locally elevating the lat- 
ter far above the general summit of the range fold. These local arch^ 
are not confined to the mountain areas, but also occur on the ontljin^ 
low plains country nurtli of tiie rau^e. As a result of tlie powerful 

' An impUBr lalnulTC body of igneotiD nx:k of oakaa-wn itepUi, bieakuij{ aixoM ud op tfarrai^ 
Mfttir iMfc*i aflMi « tniak SUM ftrndlal 4UHI and ihatla. 
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BioT«iiiento by wbieh the nmgtt itadf was uplifted and arolied, and of 

tbofie lesser movements by wfaicli the stratified rocks were subjected to 
ftirther uplift and foldiiifTi there are many dislocations am! minor fold- 
ings. As sliowu uii the map, there are no great faults throughout this 
area, the diBloeationa beio; small and pniely loeal in diaraetw. 

Ore deposits orcnr in many parts of tlio raiigo.ltut up to tli«" prosent 
time those of the Keih<art and Barker districts are the ouly ones that 
have yielded productive minm. Their association with the igneooB 
rocks appears to be very close, if not directly geuetic. The mineral 
deimsition is found U>bereh»tiT44ynKmitf being later than the ymingaBt 
eruptive rocks. 

Qiwa the nplilt ef the range, with the aooompanying intmsloa of 
i^eons rocks, the region thus raised above the general level has been 
extensively deiinded. This period of erosion has bnred the hirger 
laccoliths and worn down the general level to the piateaadike region 
now seen. In this prooees the relative hardncas of the different loeks, 
or their resistance to erosion, has resulted in a differential degradation, 
in which the harder igneous rocks are left in relief, and now form the 
higher summits by virtue of their physical character as well as their 
npHfted poiltion. 

This rpprioti, unlike that of Castle Mountain to the south, has not 
held local ic« sheets, nor has it been covered by the general glaciation 
ftom the norA. A eateflil seaieh waa made tot traces of glaciation, 

but none were found whose origin was certain, altlii>ii>rli it was supposed 
by Xewbcrry (hut the range was once ice clad. The i;iiieous mcks of 
the mountain are peculiar and easily recuguiml, but do not occur iu 
glacial drift fitrtber north. 

Stream erosion has ^)mt^ active, and the range presents evidence of 
stream adjustment and vigoroosoattingasareBaltof later tilting of the 
regiou to the northward. 



OHAPTEB II, 



THE BOCK FOBKATIpira. 

Hhe Toeks of th« Little Belt MountaioB are of many kinds and of 
diverse origin. The nucleus or core of the range, which is exposed 

about 'N'eihart ami on lowor Sheep Treek, cmisitits of jjiuisses and 
schists, a groap which has at many localities been designated as » 
Baaement Oouplex. Sedimentary rocks test upon this ocntciil oofo^ 
and cover the greater part of the range. They cover a wide range in 
Hthologic character, and fnclufle formations of all thf^ n:«Hilojri'' Htr*'!?. 
The sediuieutary strata are intruded by igneous rocks, which break up 
fhrongh them In great stodks or fn dikes, or are intraded between the 
beds as sheets or lacc^^Iiths. These I'trueous rocks also present a con- 
siderable variety in texture and composition. The areal distribatioa 
of the diflerent rocks is shown on the geologic map, PI. XLl. 

METAMORPHIC ROCKS— GNEISSES AND SCHISTS. 

Ihe orystaUlue schists which occur iu the Little Beit Range have the 
eharaetara eommoii to the Argheaw or Baaeamit Complex elsewhere. 
'they are the oldest rocks and ftmn the nacleal core of the range. The 
rocks nrfl well ImntU'd, the layers preserving a uniform direction for 
many miles. Upon the truncated edges of these bands the stratified 
roeka leat in an nnconlbrmity that ia as marked as is the diltorence in 
texture between the metamorphio and the unaltered or but slightly 
altered strata. Xortb of Neihart, Cambrian rocks rest diiootly tipou 
the guei&ses. South of Keihart a thickness of 4,(M>(> to 5,000 feet of 
AlgonUan roeka fntervenea, separated from the Oamhilan by an 
nnconformitr. 

In no part of the series examined do the rocks possess the re^iogniz- 
able characters of altered sediments, and if subdivisions of the Archean 
are made it nnat be oo pnrely litbologie ipronnds. A part of the 
series is dcmnnr-trably emi>tivp, nii<l fhc rocks are cut by later and but 
partially metamorphosed igneous rocks. The banding and foliation 
that are so striking i n general view do not allbrd a sattsfiwtory basis tat 
a snbdivision of the series, since the rocks rapidly chan;^'<- in clianu-ter. 
Tlic {r*»neral character of the Ardifan slopes is shown in PI. XXXVU, 
A, and Fl. XXXVXII,^, made ^om photographs of the slopes near 
ITelhart; 

The crystalline sddsts present considerable variety in color, teztnre^ 
mineral eompoaition, and in those physioi^ eharacteristiea which ahov 
978 
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in wcfttberiDg, aud omim the rook to form bold onteraps or soil covered 
slopes, masaive talas d^btit blocks or 8lop(>M of flne» gnvelly df^brla. 

Tliese cliarnctfirs aftert to a very inarkt'd dejfree the tiaturo of the veia 
fissures, and also the character of the ore of the veins. Nevertheless, 
it WM not ISrand possible to msp these dlHtinettons, partly on MMonnt 
of the very small scale of the topo^'rapliic !Jta]> and partly becnnse of 
the iiaturo of the rocks themselves. 'I'lioiigh preflcntiiig apparently 
BO wide a variety of rock types, all the rocks cau be classed m crys- 
talline soUsta, and are either gMteeo or sehtots of variuas kinds. 
Collectively they form a remarkably well deflned aeries of rooks, and 
tbey are mapped as a unit. 

The "cry^tuliiue schists'' are rucks diutiuully uryHtalliue iu texture, 
ehowing^ a streaked or foliated stmoture, doe to the aggregation of dif< 
ferent eoiis'it icrits into parallel layers, which are generally diHtinct in 
texture aud coiupositiou from adjacent layers. Thette layers or folia are 
not penriBteot, bat we thin lenticnlar bands, which thioton and tiiln ont 
rapidly, the ends of diffenmt folia intej-lockiug. The rooks ^t along 
these folia more or lesf? rea«lily f.sehistosity |. Tliis arrangement is 
seen on a large scale- as banding; in a hand specimen it is generally 
leoognixable, and always in ndensooipie seottons. 

While part of the Xeihari rocks are tnie schists, noneof them are t]i0 
wrinkled, puckered schists common in so many An hean areas. Mostof 
the rocks are gneisses, using the word to denote or designate any crystal* 
line loek possessing a gneissto stroeture, and not confining it to a 
quartz- mica-feldspar rock simply. They are foliated rockR, not suffi- 
ciently fissile to be called a schist In none of the Neihart gneisses or 
Bcbists has any evidence of a sedimentary origin been observed. On 
the otlier hand, many of them are still recognizable as metamorphosed 
igneous" rocks, mostly i>ori)hyrie8, wliich caii l*e <1istiiignijthed -withont 
ditticolty from the later and nuchauged intrusions of porphyry. Whera < 
the orlginri obaiaeter of Hw nek is not determinable it ia distbi» 
gnished by the name of its predominant or diaraetertstio citDeral* 

ALQONXIAN ROCKS. 
BSLT TSBBAIIB. 

Throughout the sonthem portions of the mountain tract there is a 
great thii kne^s ot ^'onerally barren slaty rocks nnderlying the Cam- 
brian formations. This series, which cijnsists of several distinct but 
allied formations, collectively known as the Belt terrane, is shown upon 
the geologic map nnder the names of Nelhart quartzite and Belt 
shale. This formation is wanting in the northern part of the range, 
where the fofsailiferons Middle Cambrian ro<*ka rest directly upon the 
. crystalhiio schists. Throughout the entire southern pai t ot the moun- 
tain area It is exposed wliere the denndatlon lias ont deeply enough \ 
into the uplilt, and these rocks here form tlie surface over extensive ' 
distriots. Volcano Valley, between the Little Belt Bange and Castle 
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MouDtaiu, is eroded in as anticline of tbeae rocks, and tlie Big Belt 
Bango is s long aotieUnal nplilt fSsnnMl of th«m. 

TlieBelttorranp consists of seven distTTict forrnatioiis.nnly fiveof wbich 
wro found iu the Little Belt region. The formation was Ont reoogitized 
"by Davis in 1882,' and deaeribod aa probably Lower Oambrlan. It was 
alHo noted by Newberry in atrip across tbe Belt Monittains in 1884. 
Tbe sontbern extension was mapi)ed and dt scrilKul iu folios 1 and 34, 
and iu balletius 110 and 130, of tbe United £>tates Geological Purvey. 
Tbtt b«at oxposares of the Litlle Belt and Big Belt ranges were oaie- 
ItaUy examined at diflSnrent times in eaoh snooeaBive field season for 
tnti os of fossil remains, and in 1895 a reoonnaissanee of the region was 
niuiie by Mr. Cbarles D. Walvott, tbe direi-tor of the t^nrvey, accom- 
panied by tbe writer, in search of (bssil renaittB. Despite a prolonged 
searcli at tliat time, it was not until the summer of 1898, when a second 
visit to the region waa made by Mr. Walcott, that fossil remains were 
found. Tbe character of these remains does not contradict tbe distinct 
•tratigraphio evidence of » great anoonflmnity and of an interval of 
erosion between these and the overlying beds^ and tbe terrane ia 
assigned to tlic Algonkiau period. 

Topographic iupect of J«ft Arww.— Between the areas eovered by tbe 
racks of the Belt teiraae and those of later sedimentary strata there is 
a marked contrast in topofrmphy, and usually in vegetation also. This 
is due to the prevailing shaly character of the Belt rocks, tbe tbiu and 
barren soil fonned by tiiem, and tbetr nsnally rapid degradation. In 
general, the country <-overed by the Belt terrane is a hilly one, with 
smooth and rounded slopt-s, (kM'j)ly trenclieil by flowing streams. Tbe 
larger valleys are bordered by bhitta of these rocks. 

The formation as a whole is well indorated and aomewbat nietamor* 
phosed. In this respect it presents a strong contract to the overlying 
Cambrian strata, whose unaltered shales and lirnpstonos bear noresem- 
blant'e to the slaty rocks of tbe Belt. Tliere is no true slaty cleavage, 
however, bat there are bedding laminations, and ttie rodcs an more 
properly called jdiyllites or ar^illites, though slate appears tO be ft 
more iKipular or commoDly used descriptive name. 

No general review of tbe literature of tbe terrane will be given here. 
Yan Hise baa presented an admirable .summary of it,' as did also Peele' 
in 1893. Neither Peale nor Davis re( oj^i:izeil de6iiite subdivisions of 
tbe terrane, though both allude to the variety of rooks oouposing it. 
The first attempt to sabdivide the group was made by the writer In tbe 
Castle Mountain region.^ When tbe vicinity of Neihart waa atodied 
the base of the formation was named the Neihart quartzite. and the 
different subdivisions overlying this were reooguized, though lor pa» 

' TrnUi Oji»u». Vol. XV, p. 7S8. 

'Bull. V. S. Oool. Survey Xo. 80, pp.SW.tO*. MMtflMorpil^OMBbllHIflNlogjri SlrtHPttA— . 

Bcpt. V S. Ceni. Surrey, Part I, |(. 818. 
•BiiJl r s, Surrey Xq. 110, pp. IS^. 
«BnU. U. 8. GmL Samf V*. IW, p. IS. 
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poses of areal mapping they were gronped as Belt shale. In a paper by 
Kr. Walcott ffatew fbniifttioiia were for tbe flraC time t^vea f ndlTidiial 

names and defined as separate formations.' TIm- 8iihdivisinii is, Iiow- 
ever, baited entirely upon lithological grounds, though tlie terraue pre- 
sents au ideal example of a cycle of doi>ositiou,' and the subdivisions 
grade into one another. The funnationa oompoeing the terrane, oorre- 

R|Ktnding in part to thoso inads by the wiitt-r in ISOfi.^ linvo bf en named 
by Mx. Walcott ais follows, the beds being given in descending order: 

7. Siarsh Creek shalA. 
6. Heli'iin liiiKdtone, 
Ik Spokaoo aliAla. 
4. Oreyaan Hh»l«. 
3. Newland linK-Htfinn. 
2. ClmtuUttfUui shale. 
1. Neilurl quvtitteb 

The two niii>er formations are not found in the Little Belt Ranfrt?, but 
occur on the flanks of the Big Beit Kauge iu a ooutiuaatiou of the ter* 
race to the west and north. 

Xeihart quartsite. — Th«^ oldest recognizable sedimenttary rocks of the 
Little Belt Mountains are the quartzite bt ds found in the vicinity of 
Keihort On Neihart and Long Baddy mountains the quartzite is seen 
resting directly upon the orystaHine nchlats, and the irfetareaqne canyon 
flibont Neihart is cut in it. Tlie rocks are in part true quartzites, grad- 
infr into wf»ll indurated saudHttiuus. They sometimes show well-devel- 
oped bedding, though they are often quite massive iu general view. In 
color tbcj vary Aom ereamy wlitte to gray or pink. Pebbles are ooea* 
sioiiiilly found, ma.sses of which Rotiu'tlmcs forin thin lenses, but their 
occurreni* is local and no well deliufd cou'jlomL'nite beds occur. They 
consist for the most part of milky white, or pin k. laiely gray, quart/, lied 
and white gneiss is oocasionally seen, but no pebbles of the Pinto diorite 
or other ignrons r<if ks intrusive in tiie crystalline gchisfs were found. 

The lower 3iXi t'tmt oi the quartzite forms a very compact txKly, nui- 
form in character, which nialces the esoarpmenti so conspionons flrom 
Neihart. The vock Shows a prismatic .structure, especially coii.siticiious 
in Neiliart Canyon, and sliown ott IM. XXX VI 11, Ji. AlM»ut .iOO feet 
above the btu^e the character of the formation changes. The pink and 
white pure qnartsites are replaced by more thinly bedded rooks, no 
longer of pure arenaceous material, but containing an admixture of 
greotiisli mica, wliieh liiglier in the group forms the layers of nnca 
shales luteibedded wilb the quartzite. The higher strata are still 
more impore and the qnartrite beds era bat 6 to 12 inebes tihiok, 
blackened by carbonaceous material that now forms a prominent feature 
of the intervening shales, becoming increaaiugly abundant until tlie 
latter rocks are true black shales in which the green mica no kmger 

1 Vu*ail4l'oruu3 pnvCambrian terranca: Ball. Gcol. Soc. America, Vol. X, pp. 199-344. 
*Newb«iT7. cycle* of jfwitkB Of Ammtmn mdtmmiaaj Motei Slnw. Anoe. AJv. Sd, 
Aosoat, 1873, p. m. 
•MS. U. S. OwL Bvrar Mb P- 
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ahows. At the same time the qoartzite beds decrease in thickness 
and poxitj, wldle the interbedded diale inoiwwM i& tbidoMMB Md 
pnrity, so that m MrbilaNuy line miist be dmwn •epamtliig Uie two 
fiMcmiitioiis. 

Ok t mhe r Mi^ •kofot.— These consist of a swies of dark-gray, almost 
blaekf dMleSyHre^nently arenaceous, showing occasional ripple marks. 

The rocks iir«' eHwntially slaty in fracture, btit the IkmIs an> jointol and 
form clitls along the sti^un courses. The formation is characterized 
by tiiese blaek abales, irliieh fimn itas middle part At the base tbe 
admixture of arenaoeous and micaceous material indicates trausitioiL 
into the nndfrljnnjf qnartzifp, wliilf in the npper part of thft fotitiation 
oalcareooH beds appear alternating with the block shale, the latter 
beoomin; leoa and leas ptominent and fbe oaloareoaa abate beooming 
true limestone. There is thus a very gradual transition into the 
^ewland limestone, and no sharp dividiug liue can be drawn. The 
estimated thickness of the Chamberlain is 2,000 feet, and it is typically 
deyeloped along Ohamberlaln and Sawmill oraeka south of Neihart 
The thickness on Sawmill Crock is estimated to be '2,078 feet. 

2iewland limettme, — The base of the formation consists of beds of 
Ifaaeatotte bat 12 to 90 inebea thiok, at fliat aeparated by 30 to50 iuefaea 
in thickness of shale. Higher up in the series the limestone beds 
become more frt'(|U(>nt and thicker and the shale layers thinner, until 
in a few hundred feet the limestone largely predominates. These lower 
Hmaatonaa aie aoraewhat flsatle and ahaly. In the eantor of tiie fonn^ 
liOD they are massive, very dense and compai-t; dark-blae in eolor, and 
show crj'stallitio streaks and markings (calcite i and carb^Mmeeons ntain- 
iugs. Tbe rocks weather with a light-yellow or but! color, on which 
thaae eryatdline narkinga ate prominent, and are geneially eraeked by 
fine joints, frequently filled with calcite, which causes the rock to break 
into small cubical masses on weathering. In the middle of the forma- 
tion ttiere is little or no shale. The limestone occurs in beds 3 to feet 
thick, aooMtimea fhieker, and ia Jointed, ao that the expoaoxea present 
a masonry-like effect when seen in cliffs. The formation fa typioally 
exposed in the blafis on tbe north side of Newhind Creek, from wbicli 
it takee ita name. Tbe iiiiekneaa along Sawmill Greek ia eatimated at 
567 feet; on Nrwland Creek it is mneb greater. 

Greyxtm shale. — This formatiou consists of dark irr iv ..r black, fine 
and coarse grained siliceous sbal^ The lower p»rt of the formation 
oooaista of pearly gray ghatea (Kmtaitiltig mfoa (aeridte), whiefa gives the 
rock a glistening, satiny sheen. These paan upward into more siliceous 
bedH coMtainintr beds of intercalated sandstone a foot thick. The 
formatiou is exposed in the blufls at ciawmill and lieit creeks, and covers 
large areaa in the aonthern part of the moontaina. The thioknesa on 
Sawmill Creek is 955 feet. 

Spnl-ane aJialc. — The hipfhcst beds of the terrano seen in the Belt 
Mountains tu-e the red shaltss given this name. The lovks vaiy irorn 
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brick-red to piuk iu color, and are tlieitifore usually easily reiX)gULzuble, 
ttKmgh Beldom fbtmiiif good «xpofliire8. South of Kcihart they am 

seen in Sawmill Creek, jnst below where the roa<i makes a sharp bend 
to ascend to the iiark. Tbe formation has not been recognized ou 
GhMnberlain, Bolt, or O'Brien creeks. The auconformity between 
these shales and the overlying Flathead (Gambciaa) qnutsite ie aeea 
on Sawmill Cie«^k. Soufhwanl these red shales are very promineiit on 
]ower Kewland Ureek, where maroon shale is overlain by light-red and 
theeo hy white ehalea. 

Oemrid Mrctioii.—The following sedloii wm mttMxed along Belt end 
SftwrnUX creeks «oath o£ Neihact: 



Seetion uftni «m JMl Omk «MCk JWtarl, JTmiCmm. 

rialdiMdMadatonc: Vml 
CMnbfteti sudalom; daik nd, Mmtaiolnp white pabUaa, with qnlte 

ferrugitions matrix. But40tiv-tt'sp()it»<t. tlx- l»ei! i>ci urriuff in tbe 

creek chiutnel one-fourth mile below the forka of tbe strettm 100 

VIhm of ttMoafDnoilgr. 

Bpokane shale: 

Rail sbaleti aOO 

Bad AslMilMBliMleA, 1iitte>6,.Ma quite hwA lO 

Onysonsbale: 

Sbales; generally )rr»y, rarely exposed, and forming doDMly wooded 
■lopee TOO 

Or»y •erioilio eiwle, locally diaturbed by a horizontal siieet of 
niiMtto ITO 

Sbalen; expose'! in wall on went side of canyon. Tliinly bcflitpf! 
slatmt carrying Itmestoue 60 

Xo expoame .... .... ...... ...... ...... ........ ........ ............ 25 

BewLMdilnuNteee: ^ 

Miuwire, hloe'k«Joliit«d UmMtoiwa, blue «b ftwh JkeetHTe Mid 

\vi-at1iei'iQg earthy brown. Dip 2<>~ S ........................... 15 

Calcareous ahalea or aiatea, not expoeed ........................... 300 

LiiiMMooM^ witli iBMSive onterop, bine «n fl«di fnotorei maHheg- 

iag on aor&ce to an aarthy baiT color 60 

^atea. (Profipect hole nhowa a mlneUe introalon}........ 125 

Limcattinf ; ImMilt? and slatj ...................................... IB 

Maaeivaly bedded slate....*.......... IB 

AnpntalioMStaiia 5 

Black or jrrny sl:ifi' with j;listcnln^ strrfaoie. Dip 80° Iff 

Trai. tt: iutxuiiiuu. Kock at contact badly twiated, probably not a 
sheet. 

limeatona and alatc^ not acpoaed SO 

Mtnatto sheet. « 

IJim ntoneR and shale 90 

Slialosj slaty, in part induf»te«l. Dip 20- a.; ittrike ij. tiU- E Iff 

Slaty shale ; f^ay in color, well indurated W 

LioiMtoDe; in S-fiMit had* of dark-gn^ oolor with ccystiiUiiM mark- 

IMS It 

^ _____ SM 

OlMHBbalSinalialaB: . 

CPn^Aale, oeanind^btiaoiiiyfiioledfeolMiiigMWi 1,005 

BiMk ahala; dspoanrelMtogoo0.ibaiih adlalMlow a wastm Imiiflh 
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ChMilMirUiiR dwle*— Coattnaied. 

M:issiv(<?y 1»fi(l(lofl, Wftck shftlf. T)\',i 2fP npstn am 40 

No f<x]>i>sim> 190 

Jlliii k nlialt- 40 

black crumbly ahale. Dip 14^' ........................ H 

HIack ■bales 

Thinly beddadnndftMlleqiiartxito ft 

BlM>k slMb^ MMMwhKt tbty, can-yiog b«d» of svara 4|a«rMto ..... 10 

Sutoj Dokcspowd 22 

2.078 

Vtibart qnartxite: 

Qii»rt/it<« 2 

Mii'Ui'i oiiK shulo with fuiuulal inarkiuys, rosembliii;; ( ainliriuii 1 

(juartzite; giecuiah in color, occurring in heda B to 18 inchea Uiick, 

witli Intonraiiiiig blaek, ottcbttMMflMis thate 7 

NoBzpomn .96 

Blukto*; uieMfleiM, daik oolond, generally green, and CMrying 

thinly bedded quartzites, bo that the entire aeriea might be olaaaed 

aBi)nart2ite 15 

No expoeiire 110 

Qrecn, niioMMaa abale aud micMSOOiu qoftrtzite ooeiuriiig in b«dto 

4 to 19 InehM tkUk, in nlt«nMt» htfm 8 

Hiciiceoiis Hbale!», resting npon hiual qnwtaltM 104 

Qnartzite aeriea, foraiiog bMe of formatlOB aOO 

T08 

Total ; 4»«lirr 

Unconformity. 
UclaiMtplito gnfliv. 

CAMBRIAN ROCKS. 



J>i«tributi<m amd nMUtisioM. — The strata of this ago aro aa impoiv 
'taot (deoieDt in the goology of the region. Tbey cover a wide extent 

of t-ouiitry iiiul deterniine its t(i|>o};ra])hin charaetor, and to a (■•'itaiii 
ext«nt the nature of the vegetatiuu. The formatioua compoaiDg it have 
iiifla«noed the charaeter of the moontaitt ftyfaUng nod defeerinined the 
tiite aud nature of the ntunerons aud greut intrariouB of igneooa rock 
which (•ompf>sp the moat promiuent mountain masses, and upvs whoM 
exi8teii<;e .Huiiit', ai legist, ot the ore deposit.^ itre dependent. 

The fowiU show that the Cambrian rocks of this range are of Middle 
Cambrian age. Tlti> area <'ovored by them i'^ fTn^ii n'cil liy a single 
color ou the geologic map (Pi. XL1)| aud the rucks are Ki'(>ui>ed audier 
the name of the Barker tmnatton. The beds thus grouped show well- 
detiued lithological subdivi^ious, and in the rauges to the south aud 
in the Yellowstone Park have been subdivided iuto two formations. 
Thia snbdfvi.sion is, however, unsatisfactory, and sinoe a careful study 
of the fossils found by Mr. Walcott rIhiws that the forms are all Middle 
Cambrian species, the writer has divided the rooksof this nge into the 
following formations: 

T. Yogo IIWMldao. 

6. Dry Cri-ek shale. 

5. Pilgrim limeetone. 

4. Park nbale. 

3. Meagher limestone. 

2. Wole«'y shale. 
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Tlip r-lnractPT ami tlifetnosa of fv\clt of these formnt!nTis arc rppre- 
seut«d grHi>bicaliy od I'l. XL, wttere culumaar sectiuuti measured at 
Tftrfons looflJities in the nuig» un sbowD. 

Flnihuii} Mtindsioiic. — The base of the Cambrian is formed by aquartz- 
ite, which in the Little Belt Monntaing is somewhat fissile, impure, aud 
shaly it) the middle, so that the formatiou oousists of three members. 
Hm lowest bed is a ^rauular but geuerally irell-indurated sandstone, 
of a white, pink, or dark red color, often cross b^nlded, and ot-furriug 
iu strata 3 to 10 feet thick. The base is often a couglomerate. The 
fMlvwiaff aeotioii, made la the blnlf of Beit Oteek 8 mile* eootli of 
Uonaniht ehom tiie oompoeltlon of tiie ibmuitlaii. 

Section on Btlt Creek S tuilet toulh of Monarch, Montana. 



FVmai^oiwwaitetsvieomyiiigllMllTenial 10 

Itotheiid sandrtoM: • 

Qnurtzitts whita 1^ 

Sandatoiii' ; rusi cotori'd and rotten .................................... 5 

SaudsUine; dirty wbito to buff; flnggy..... 35 

Saud^ton*; flvlbi, ivpon, poiplt^ aodfort ooUwad.. SO 

8«u>d«toiw; mamlf 1 

QoArtiltet li«si7 • ' 

Qiiartxite; vitreous, hard, mar^i^ r-.l^iioity, naililMtwall iMdddl nor llMtle.. 60 
Augite dyeoiteabeot; 70 feet thick. 

Bandil w ies} dark ndaadliwniglaow..... SB-60 



Intrusions are freqoently foond elsewhere In the horizon here 

occupied by the syenite. The npper njuHlstone, h white ^jranulur 
roek, weatheriug with a pilte<i, pockety surlucu, covers Heit Pat k, and 
is expoaed la the little gullies that indent its surflMje. On Bawmill 
Crook and along the O^Hrien Creek road the basal bed was not measnred, 
as no good exj^ores were observed, bat its thiekne«8 was estimated to 
be 00 ftetk A sheet of porphyry 50 to 60 ftet tUelc is intnided between 
this lower bed and the higher quartzite. The latter diflers in api)ear- 
ance. The rock is not so distinctly bedded, and shows rounded, sphe* 
roidal weathering. It is well exposed near the Sawmill and generally 
over O'Brien I'mk. 

Wohi;/ shale. — Theqnartzite is overlain hyahale, which iswellexposed 
in Keegau Butte and the hill south of it which rises above the open 
and nearly level snifsoe of Belt Park. The shale is dark gray or 
jrreeuisti, often mieaooons, and enrrics oval (•<Hi('retion8 of liineslono a 
few inches thick and seldom over 0 inches long. These concretions 
eontahi foerils whleh Hr. Waloott has identifled as Middle Oambriaa 
forms. These shales average IdU feet in thickneis, and an» veO axpoaed 
at the old dam on Sheep Creek near Wolsey. 

Meagher limestone. — The sumtiiiUi of lielt Park buttes are capped by 
tiiinly and irregularly bedded limestones. The rocks eonstst of pure 
gray limestone mottled with ])at( hes of buff-colored, arenaceous, clayey 
matter. The exposed edge of the beds shows wavy — almost crinkled — 
bedding planes. Over 00 feet of tiiese beds an espooed on Keegan 
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Bntta. The lower strata carry no distinguiahable fossils, and weather 
Into very small, irregular, prsn plly debris. The upper beds are spotted 
with greeu glaucouite graiuh uud eouiaiu uamerous fossil firagmenta. 

Fiark thak^Hhb grefttev ptrt <^ tbe Oatnbrtaa rooln ieen in Hbe 
mountain area probably belong to tbie formation. Tlii' lower strata 
are gray or greenish micaceous shales. Higher iu the section these 
eoDtain Intercalated thin layers of limestones, which are impure and 
often oooalst of flat limestone pebbles— « tme intreAmBaitlogial ooii< 
glomerate (PI. XXXIX. 1 >. Tliese beds aro wpII exposed in the road 
cuttings at the head ut Sheep Creek, in the vall^a of Dry Wolf, Pil* 
grim, and Teodflrfoot ereeks, and near Barker. Their thicknem il 
estimated at 800 feet 

Pihjrim linien(one. — Above the Tenderfoot shale, whose ready weath- 
<Bring gives gentle slopes and generally open but deeply stream-trenched 
▼atteyS} Umeetmie beds fbrm low dUb m osp mesas on tbe brosd sam< 
mit levels of tlie range. Theae limestones are somewhat massively 
bedded. Thoy are gray, carry fossil rotnairis. and in this region do not 
sbow the mottled appearance common to rocks of this horizon iu the 
aeattieni pnrt «f tbe State. The-bnaal beds nrs Ibneatmie ooaglooieis 
•tea separated by thin layers of shale (see PI. XXXIX, 7?). 

Dry Crt^k Between the beda of massive IMlgriui limet>tone 

Uid the dark chocolate-colored beds of the Jefl'erson formation there 
is n tbtokness of 40 to M fiaet of hriok-red and brightryeUow sandy 
beds, whose fissile natnro determined tlieir desigostion as shales. Tlie 
iwrmation is a very constant one thruogbout central Montana, but 
owing to ita feady weathering is seldoni wciU exposed. Good seetions 
were observed at the head of King Greek, near Togo, in Big I 'ark, 
oTt Pelt Creek above Monarob, sod on Filgrim Oxeek,the average tbick- 
nctiji l>eing 40 feet. 

Yogo lisMftoM.!— TiiiB ftannation generally eonaista of tbin>bedded 
lifliiestone flags, alternating with crumbly gray or ^rreenish shale, bat 
grades into rather pare thick-beddetl limestones. The entire section 
is well siiown at the liead of Siieep Creek and south of Monarch. A 
measared aeotion made 8 miles south of tiiat place is given in tlw 
description of that district fpa;,'e 3r>3). 

FosaiU. — These Cambrian formations have all been grouped as the 
Barker formation for the purpose of areal mapping. In former pnbli- 
oatiiMis the series baa been divided into two groapa, the upper, or Gal- 
latin, and the lo^rer, or Flathead. This distinction wa^ i ri Hnally based 
npou tbe occurrence of the Pilgrim limestone, whose ieeic>tant nature 
and peeidiar mottled ebaraoter made it a irery oonventent borlsou to 
nae in area! mapitiii};. The fossil remains seemed toindicate the Upper 
Cambrian age of the beds above this, but larger collections re<«nt!y 
made by Mr. Walcott prove that the Upper Ounbrian fauna is wanting 
In all tbe ooDeetions thus Ihr made, the forms etodied being all of 
HMdle Oambcian typM* The Lower Oambrlan (Goor^an Oloieilna) 
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and Upper (Jambriau (PotHclaiu) are both wanting. The sections shown 
on PL XL npraaent the ■tmta of Ate ago in the Little Belt Uoan^ 
tains, the Oaetle Mounttttii or Ltviogstoii aeetioiie being given fhr 

oompariaon. 

Fossils are abandant in Ihe limestone eoneretions of the Logan shale 
of Keegan Butte and in the thin-bedded limestone of the Wolsey 
shale iif the head of Sheep Creek. The Pilgrim limestoMi- nt the head 
of King Creek also ooutains fossils, as do the Yogo iiuie^tones near 
Togo settleuetit. The braehiojiod spedes are few in number, and are 
associated with PtychoparUtf Oimocoryph<v, and iVagnients of oHier 
trilobites, and an abnndance of Bjfolith&t. Mr. Walcott, who has 
examined the collections^ but not yet determined all the species, does 
not flnd any ooDdderablediUbrencesorihann from t(q» to bottom. The ' 
Iblloving «peeiea have been identified 1^ hhn : 

]>loel]ioaiwiiamiSlLSBdH..Pil£^im IfiiK-stone, Yogo; Wnlscy shrtlc, Sheep Creek; 

Flathead <iusrt7,ite, aeat M<m«rch and ua SlxeepCreek. 

Obolus(LlBgaIsll»)«l]» Wois. y shala^SbetpGiMk* 

Otthis Teiuniohs... Yoigo luBetMns. 

Byntropliia primordlalto Yogo 11ine«taii«. 

BilliiiK"**'!!;! I oliiradoi'iiHU. . . Vomi liiiii>hti)iii>. 

Uyolithee priniordiftlia WoUey ataale and Mesgher limeKtoiie} Sbflep Creek aad 

Keeftan Btitte. 

PtycbopariaKallBtli)«iMis... Pilgrim Utueetone, PUgijiii CfMk. 

Ptjchoparia llanoensia T'ogo limestone. 

Ptyc1iai>ari;i hipiinctata Vogo limestone. 

Ptyoliopari* aOlois Yoiso liaMntooOb 

P^dMifitfl a nnMil .... ...llMf bw llniBBtoa^ Voomilfr OMdb 

Agtioetno «p. 
Obolus { Lingulopis). 

Oienoidea MmtM...*. Wolsey shnl)-, she<>|i Cnek. 

OsnanUa Wolsey shale, i:>beep Creek. 

BetlifwiMOS WhMlar Woliey shale, Sheep Crocik. 

These fiorme are all regarded as Hiddto Oamhrian bjr Mr. Walcott 

Tliey sli(t\v local •;ronpiii{j, and very often individual beds are made up 
of an aggregate of one species. This is especially true of HyolUhe* 
in the limestones of the Park shale and Wolsey shale, and of the 
Ft§iAef«iiH» jel te t aw Mi f of the Pilgrim limeatones of Pilgrim Greek. 

SILURO-DEVONIAN ROCKS. 

Jefferson (tme«toM«.— Upon the geologic map the JelBsrsoti Ibcmation, 
under the name of Monarch formation, is gnmped with the Tfareelbrka 

■bale, which carries Devonian Tossils. Overlying the soft shales and 
associated limestones of the Cambrian there is a series of generally 
dark-colored, well-bedded limestones, whose luwtfiit bed frequently 
Ibrme a bold bluff or esoarpmeot that rises abruptly above the shale 
slopes. The distinction is therefore usoally a marked one in the topo- 
graphy, and is readily followed in mapping. This limestone bed is 
the basal member of the Jefi'erson limestone series. 
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Am a whole tiie Jeffenoii Ibnnatioii to ohuaet«ri«ed b7eliooolttto>)it0ink 

or steel -frraycryst ill line linieatones, generally liaviii^' a diatuietly granii. 
lar or saocharoldal textun-, winch is especially notitt'abJe on weathered 
surfaces. The rocks occur in beds 2 to U iVet thick, which are jointed, 
and weafber like regular eonraee of tnaaoory (Me PI. XLII^ A). 
Slight differences in liarrlness result in a jiittingof the .surface with 
sac-shaiied cavities, due to weatberiu^. and tiie edges of the beds often 
show ribbing and filagree work. The dark color is due to organic 
(nitrogenoas) niaterialt aud the rocks emit a strongly fetid odor when 
struct with a hammer. The chocolate ( oh )re(l Vieds arc often mottled 
with light creatu-oolured patches, which in some instances are clearly 
reoognizable aa eond Temaioe. The Icdgea aear Barker Aow ihU 
e.s])e< iiUly well, as illustrated on PL ZLII, B, 

Tlic only fossils collectefl from these rocks are corals. Mr. ("lutrles 
Schuchert has ideutihed JJijphy^hyUum <xc»pito»um Uall. In a report 
ftunislied the writer he ai^s: If this fdentifleation Uieorreet the rooks 
are of Silurian ( Upper Silnrian) age. This genus, however, like Atrypa, 
is not always of great value a.s a horizon marker." Later collections 
firom this horizon contained specimens of iitr<matop*ira, Packt/phyUum 
<neor wtodmtmi H. and W.), and AMrvulaHa^ identified by Dr. Oirty, 
and regarded by hiiu as deteruiiuin^j the ajje as Devonian. Up to the 
present no iwsitive identitication ot Btiurian rocks has t)een made in 
Montana. Frequent references to Silurian strata are made in the 
HaydMi Survey reporta, bat the fodta therein called by this name are now 
known to be (Inmbrian. Tlie nppermost bed.s of the Cambrian, the 
pebbly beds of the Togo limestone, contain tossiln which were formerly 
regarded as possible Silnrian, but the onl^\- paleontologioal eolleotlons 
as yet thorooghly stndied, those of the Yellowstone Park, prove to be 
M liiiir ( iniitnan. The nearest strata of nndonbted Silurian age are 
thot>e ot tlie Bighorn liange of Wyoming.' 

The Jeflferson limestones contain mnch arenaeeons natter, and at 
several localities elsewhere in the Stsitc grade into quart^iteand sand- 
stone. This is the ca^e at Whitehall and Phillipuburg, Montana. At 
the latter place a collection of lossiis showed the followiug species: 

CHDsrotcMbte Mpplia 

Camarotu'cliia nosr C. flongivgvta. 

Glyptodcsma reotuait 

Avicniopectensp. 

Cyatbophylliini n\t. 

In a lettei- to the writer, Dr. (iirty makes the following statement 
about the fossils determined by him from this loeality : 

Altboii^k com)>aratiTcl,v little baa been aacurtaiiiMl in tbe way of certain and 
exact apecifio idontiiioation, jet I believe the horizon here npnaentod em be 
fofened with mow Mitainty to tlie Middle or Vppw Devonian. AHeiiltptetem liM 

not been Tf^ou^'ni^e^l in this country belovr the Devonian, Imt ia almnilant in Hi^pofttts 
of Devouiiiu and CarlKinifi^routt age. CanuiroUtchia $appho lint nppearK in llid 

*C. S. fieech^.on Um occurreui'c of SUurlan •iralu in ttie big Uotu MounUiiis, Wyumlog, aani in 
fbe BiMk Biilt. BMtli Mtelet JMk Oeoln V«L Z Vm, UM. vp. noa. 
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B CORALS IN JEFrCRSON LIMESTONE 
The lifrit. cwtm-colered tviimi m coral mottle the dMIi-brown or b'acli ■•mett'fte. 
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HaniiHon, Irat b known to aztwMl into tiie Wmrvtlj, C. e&ngngaUt !■ likewiM ft 

TlamilUin form, m isnlAo Glyptodi nit<i rectum. This fanca r:m si itroely IwMwUarlJMa 
D«voDiaii. aad I b«li«ve U repreMobi midtllo or late DevuDiun time. 

ThtM^htMhate*.'— The ligbter^colored ahaly limotonM vhioli immedi* 
at«ly overlie the dark-colored Jefl'ersoii beds are kuown by this jxamb. 

In the Little Holt Kaiige the formation has not been distinfrnisliod from 
the strata which immediately overhe it, as the latter rocks are identical 
in tithologieal character, and were in tlie field mlsteken Ibr this lbr> 
matioD. The beds cover the sarface of tho bench so often made by the 
massive limestoTip bed forraing the top of the .TelVersrm. Tti this regiou 
the formatiou, it present, grades into and can not be distinguished (rota 
the upper l»eds of the JefflBnon. On King Greek Hoantein the shaly 
beds immediately above the typical dark brown .TcflTerson limestono 
hold Carboniferous Ibssihi, and this is also the case in the exposures a 
few miles east of Barker. The beds usually weather readily and the 
actual contact of the two formations is rarely seen. At Monarob the 
dt brits of tlie eliil's liides the lower bedsi the interval being estimated 
to be about 60 to 75 feet. 

It can not be asserted that the nueelbrks shak is wanting over 
this region, but the collections firom tiie shaly beds immediately over- 
lying the ty[)i('al Jett'erson limestone contain Carboniferona fossils at 
several localities. In the vicinity of Livingston and near Threeforks 
the Ibrmation oontains an ahandant and i^pioal I>evoaian ftMua* 
In the description of Castle Mountain,' immediately south of the Little 
Uelt Mountains, the limy shale.s at tlie base ol the Madison limestone 
gronp was called Devonian, though uo fossils were obtained from the 

beds; it DOW seems mora probable that they npraaent Hie Paine ahale 
of the OarboDiftrons. 

CARBONIFEROUS ROCKS. 

The Carboniferous rocks are the monntnin-fonnfnp: strata of the 
range. Their occurrence sharply defines the mountain area fVom the 
snrronnding plains, and determines the nmgh and craggy charaeter of 
the scenery of its border. Fossil remains, which are ai)undant throogh- 
out the series, show the rocks all to be of Lower Carboniferous age. 

The collections afl'ord some evideuce upon which to subdivide the 
series by fymual groupings. There is, also, a very marked grouping ot 
tlie beds shown by litholugical characters. The lower series, emliracing 
a thickness of 1,000 feet of beds, is composeil entirely of limestones of 
varying character. This Is the Madison limestone of the geological 
map, a formation that is very persistent in occurrence and very uniform 
in oltaraeter throughont eentral Montana. This limestone terrane is 
overlain by a senes of shales, sandstones, and limestones, collectively 
known as the Quadrant ibrmation, and the equivalent of this formation 
is developed in the southern part of the State, though presenting » 
vcary different devetopment in this area. 

< Bull. r. s. a«iiL8nn«7 ih.m,9-n. 
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atADISON OBOUP. 

This erabraoes three lithologioaUjr diMinol boriMii% 
3. Oaatle limestones. 
2. Woodbarsc liuie^cone. 
1. P«ilue sbalM. 

Pnlme ghales. — These are dark-blae, qoHie impure, ar^illateotiB lime* 
stones, whicli might he classwl as calcareoaa shales. Tlip tVpnh rock is 
generally dark blai»h-gray, but lighter-colored beds alteruate with this. 
Upon weaiheiriiig, tlie rock bnaks up into ftne sbaly debris ot a plnk^ 
buff, or straw color. The exposures of tlie lower beds form tj'pically 
reddish or pink d6brig, iiiui the weathered snrlaees show an abundan<^ 
of fossil^ usually weathered in relief. The bt^s higher in the series 
■ad near the top oontaln Ibwer fomOM, battbefbnna aiaellieilled, bean- 
tifnlly preserved, and project above the smooth weathered surface in a 
very striking maimw. This dUciflcatioa appears to be a very constant 
ISeatifive of this partienlwr bed throagbont the numntain region, and 
when carefblly looked for lias always been found by the writer. Tbeae 
strata show G to 30 iiirfi beds of rather pure limestone. roTitaniinir chert 
lenses one-half inch by J inches, separated by 3 to 10 toot hads of light- 
boflr, varying to pink and dark Unieh-gray lineetone diala. The total 
thickness at Monarch is 175 feet. The ready weathering of those shaly 
beds gives rise to topofjraphic depressions and veL'etnf ion bands, so the 
horizon is easily determinable (see P1.XLIX1; A, Monarch exposures; 
Bf Barker ezpoenrea.) 

This limestone is esi>eciany distinjruished by an abundance of Bry- 
ozoau remains. The following table gives the Mf^t of si>eeies identified 
by Mv. Charles Schuchert, of the National Muueum. The numbers 
refer to localities from which collections were made by the writer. This 
ibnnation is undoubtedly the s;nnii> as thnt calle<l by Dr. A«,0« Peale 
the i^miinated limeetones of the Threeforks section.^ 
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ftl'J Diviil, l^-rn;,-x, Ury Kurk nf I'.clt. Creek HilBlilt CMkMRh tf BmIM MIL 

3<'l lloiiiitiiin Jit Ijt .Ttl .It Hiirnsnn ( 'nM»k. 
iLH. t:litl» .It Infill -il Km;,' I r. ■ V. 
em. .>tiuib>'ii.t 1111%^ lit Ittv; B»lil; MonntelD. 
AIM. Uigl'ark t.-<M><u i f lUg Mftflilimula, 

SM. Month of lUjir < 'i. « k- 

iTiJ Ni'.ir luiiiith 1,1 I'..-.w ( rr.'l.. 

SW. DlvWoul ml 111 i:iimiiu^- W.ilf Creek. • 
MS. Uiride betW'.'i, IIiiiinluK Wull MlJ WlT flmlr 

COS. Saddle iiorth«Mii»t oi lai^'lur i:*«>«k. 

iroorfAMr«< limesfonc. — The niiddlo portion of the limpfitone eerit^.* is 
composed of well-bedded limestouen. The isbruttt vary in thickness aud 
Id TMistenoe to WMtbering, m tbiit the steep slopes show the harder 
beds as proniinrTit loflpas, and on oscarpniciifs those are undercut and 
form biilcouy ledges, wliich give a banded appearance to the cliffs. The 
series in shown as a inaguiticent line of clitfs from 300 to GOO feet high, 
exposed for many mile.s along Belt Creek, above and below Monarch 
(see 1*1. X LIIT, .\\ The difTs arc .staincfl a bright orange color by iron 
oxide, aud this makes the contrast with the overlying white limestones 
strong^. This coloring comes ftona extremely thin psrtiiigs of sbslj 
material separating the bedn. These partings also serve tO eoftpbaslM 
the bi'fMinir planes. The rocks are prevail! ii^rly dark gray or gmy, and 
break readily into angular, splintery, ixilygonal debris, forming exten- 
flive talus heape. The onterops of eaeh bed are distinguished by a 
jointed masonry-like course. Chert occnrs in many strata, but appar- 
ently without aii\y order. It weathers dark brown, and often ooonrs in 
layers. 
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The foUovdng table shows the foflsils oolleoted from tbe Woodhnxot 
UmeMtone In this region. The identiflontiona ]i»ve been made by Mr. 
Sdindiart. 

FoMiU from the Hoodhnril Ummtone. 
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Tlic numbers at the h<riicla of rolntnns in thr riTiovii taliln rolVr to locslitlos .it wliirh 
collectionB were mn<ie. 'Vhe NiiecinienB mus uuw iu th*s NuCuiual .\Iumuiii nud may 
be fdMtifiecl an to locality by the iiiiuiberB. The diishes iu the taiile mmn tbftt 
•peeiM M* psobably proMiit at tbe points indieaifld, ihongli tbey are not f e p wteoted 
bt tbe edUiMitlaB bnmght in. 

A oomparioon of fho two tables tbowa tbnt a nnmber of spedw 
occnrring in ttio Paine Aate liave not been fyaaA in the everlying line* 

atone, yiz: 

FeneNtella, eevornl species. 
Cr.miu, Btriateil apeciea. 
Spitifo atrlAtaa HartUi. 



1 , v^joogle 



U, S OtOLOCICAL st/nvrv 



n»€NTIETH REPOflT PART III PI. »L1V 




GIANT ROCK. BELT CREEK CANYON BELOVV MONARCH 
Sliowmg the rn«uivt bedding ol the Ci&ti« tim««iont ot Umi MMliKin gfoup. Ln<ivet Carboniferous lerrane. 
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Spirifer dealteatm WaleotL 

Cynina. 

OleiotllTTU. 

CiinK>ro|>horl;i • r. c. expIanatoMeOhMmor. * 

Pagiiaix iiiuUitu Hall. 
Camanita'Chia cf. C. metetlleA Vblto 
Gaatem|>o<U. 5 speciM, 
Enomvhahis npeigeaault iUL 
Bnruiiop'-is t.'xtiUa Hall. 

Of tbe^ CUiothyrift hirauta seems to be especially chwacteriKtic 
Setk^tmritt t^Ugvra extend* into the boaal bede of the Woodhmet lime' 

stone. The coUectious from thfs basal bed of the "Wnodhnrst embrnoe 
seven species not found at any other locality. The species common to 
both formations are the most abaudaut types and comprise the bulk of 
Uie etdleotiono. The faaosl diflisronoee mnj be due entirely to the 
eheracter of the rocks. The Priine shale was a ralrareoos mnd depos- 
ited in shallow waters, while the overlying limestones are very pure 
end indicate deer weteie. 

The < (>lh'( tioiiH, as a wb<de, arareflBRed byboth Sohnobertand Girty 
to the Kinderhook or rhontean. This is entirely in accord '^ i'!t the 
results obtained by them from a study ot the fossils from the viuiHty of 
Tbieeforkfl, described by Peele^* and from a study of those of the 
Carboniferous areas near Livingston collected by the writer. 

Canffe Vimentone. — The uppermost formation of the limestone scries is 
a limestone that is very massive and shows no bedding. The rock is 
generally dense and rarely crystalline, alwaysUffht eolored, and in expo- 
sure shows inconspicuous division jilane.s. It weathers with n roitgh 
cavernous surface, forms castellated craggy masses, and is easily dis- 
tiu^ished from the well-bedded rooks beneath it. The type of erosion 
is illnstiated on Pis. XLIV and XLV. Ita massive homogeneons 
oliiiracter can^ses it to form very narrn'v f n-von -, nul it i-^ tlie "crate- 
way rock of the monutain streams. It is itcquenily «:ruciljed and breo- 
eiated when fblded, and in sach cases often stained red by iron oxides, 
whieh are sometimes so abundant as to cause prosiicctors to lot ate 
claims. The rwk contains dark brown chert scattered tliroiiL'h it in 
round and lenticular masses, Bometimcs a foot in diameter, but the 
ehert is light colored and not abundant enough to be oonspieuons in 
most exposares. The beds <^p the gr^t cliffs of Belt Oeek and are 
everywhere prominetit npnn the mountain flanks. The formation 
takes its name from tiie town 4»f Castle, where it is especially well 
developed. The thiekneas measured near Monarch is 375 ftet^ and at 
several localities throughout the iiionntains it is 300 t<> 4(K) feet. 

The following section rcpre-sents the typical development of the Madi- 
son group in this region. It does not embrace the base of the Paine 
shale^ and It is possible that a ibw ftet may be wanting at the top. 
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Tbto seetkm shonld be oompwed with tiiat» giyen with the desoription 
of thA llbiiavdk diBtcid^ of IJm fdin newHoiMTi^ 



Spring CwtUf€. 

LUawtoM; bcowBlsh gnty in oolor, alias ««Bglomoi»(io. 5 

Lfnestom; «mm Mland, bloUlMd witli irtnk t 

I i riH M; in- ; rti»Kiiivo, l)iit I»r«)<.'t iiitoil in places lU 

Liiuoatoiie; grny, sonicwLat miMairs, and forming beuck on summH of 
buttrvH spnm 30 

WeU-lMdded UjBNtoiw» dark bine in «otor, vcntlieriiig to buff gmf i OHtf- 
tng cibart bmndt of oiw.1u3f fnA to S in«b« ia fhiokoaH At 4Q Ibii aboT* 
baae; generally heavy bedded with tmUmI Jolatlaf and bVMklBf Into 

, mbmU priMutio pieoea ITO 

. LIim«Iom; 9i«{f,an«lTik bdonclagtoMaMMrktMt^^ 10 

Woodnrat limestone : 

Limeatone; <|uit« miMsire, heavily bedded or without Teco(n>izabIe bedding, 
weathering into rnde prismatio bluckH itnd forming buttrt}ssM projecting 
ftoB ateep alopeo tunrth of onok. The uppw 75 feet abowa rade boddiog, 
with «h«ri banda and drn^ aaTWaa aaattorad tfarangh the nek. CHnotd 
stems are nTmndant ami ntluT foMili* are orrasinnally gpf-n 250 

Limestone; gniy, (]iuiii uia(Miivt> 15 

Limestone; massive, with indistinct bedding planes and rnde priamatio 
fraotmo and imgolar aorfiMo, aod oariTiog aeant^ cxtno^d reaiaina 60 

Llmaatafia; tU^aod thlnlr haddad, qnlto naaflva la aspoaora, IbraaUag 
into Hpltatfay jkagnautBaBdahowiiif eoaaaianalliMaila 0t 



Paine shale : 

ThlB ba Ma d U m a a lo ii w, brownish or bnlT color on weathered osposure, wflh 
ai|tIiaeaoaa hvanof lBaaUaliinaatoiia8 todiiMhaa ia tUaknaia betwaas 
tbepararaadnunaaiaaitTabada. The wwha fcHQ bsMi—M whh ayma 



jointing, vert) oal faces, ami n inawWiijUkB appaaianm 66 

Tbtn-bedded, shal; lioteatooe ............................................. 10 

Lhawtoaa; graj, waafbaring witii raogh larflwa and ftunlng Mga abova 

talus slope S 

Limestone ; thin bedded (4 inches to 2 fe«%), alternating with shaly lime- 
stone l>c'<l8 a lew iiu'bfs iu tliiLkiii'»» ST 

Debris concealing base of expoaoie and ronnlng down to creek 60 

Total on 

QUAUttANT OBOUP. 



Above the loaeaivcly btidded white limestooee, which nearly every- 
wbera ftwm the flanks of range, thene ia a setfoi of flandstoiMW and 

shales with intercalated limestones that weather readily and form tlie 
narrow footliill hollows between the mountain slopes and Hankiny liills 
of tiaudbtuue. This tforius ia culiectively utuued the (^utuiraut I'oruia- 
tloo or groop, as ft ooReapoadi in sferatlgTaplito posttkm and in the 
changed conditions of orifrin which it represents to the formation 
given that name in the southern part of the State. In these moan- 
tains the shales and limestones of the formation contain an abundanoe 
of fossils which belong to the Lower Oarbonlferous, and these Ibnna 
extend through flio fnrmation np to its very top. There is, however, 
evidence of an uucouturmity between this and the succeeding Jurassic 
finrmatlon. As noted above, the beds ooear chiefly as an encircling 



I 
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SLUICEBOX CANYON. BELT CREEK 

SlwiNing mauiv* chaiact*' of Caxtl* liinatton*. Alto illustrating cutting cl Mconduy canyon — " Sluicaboa " — in an old«> ami 

braad vallvy. 
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belt ftboot IhB momitBlim, but f nllera flmned by ftyndlnM alio oeeor 

within the nioantain tract at Bear Park and between projecting ridges 
of the range at Luue Tree Park and the divide west of Taylor Peak. 
The Qaadruit group ccQsiBto wtlliin tbe Little Belt regiou of two sett 
ofbeda. 

Qo^rant groap : 

OttorabaU* 

Xlbbeytenatfan 110-100 

The total thickoeas is 313 feet on Dirty Greek, 909 feet In MueeldieD 
OanyoD, 453 feet at Bioeville, and 1,400 feet near T^Mca. 

Kibb^ KmdtiwM. — The basal member of tbe Quadrant group is a 
■endy ftvmatkm whicih in eommonly bri^-ted in oolor, is seldoin wen 
bedded, and weathers quite readily. Where best exiwsed it is seen to 
eonsist of slightly indnrated »andy clays, prevailingly red in eolor, 
with luHipH of ydluwish clay scattered through it. This grades 
Upward Into a well-beddedf aomewhat flisile, red and purple aaadaloiie. 
These beds are best developed near KIbbey and Rieeville. where they 
oontain intercalated gyi>8uni beds. Tbe thickness here is 150 feet 

West of Utica, at tbe forks of tbe Judith, the lower clays are 75 feet 
flddc aod Um aandatonee 40, giving » total of 115 feet finr tbe fenna* 
tion. At t1i<> prist fud of the range, at Oka, tbe beds form an encir- 
oling hoUow between the main moontain mass and an outlying limestone 
hiU. In MnawiBheli Canyon tha finoiatioo la thin, the basal bad being 
hot IS feet tfaiok. These beds inunediately overlie the massive Oaslle 
limestont ". (Hid itrc tlierefore readily located, though seldom exposed, 
linear WoodUurst and north of Dry Wolf the beds are gray, varying 
to bait; in oolor. Fo feesDs hnve been found in these beds. 

Otter »hale. — ^This formation oousistH of green and gray shale, with 
intercalated limestones. The green shales form its most conspicuous 
future. They are bright coppery greeu i u color, and wbei'e well exiiosed 
are very strildng ftetares of the canyon walls. The Interbedded ttni»' 
stones are thinly bedded, white or light pray in oolor, but are often 
markedly oolitic They carry Carboniferous (Mississippian f ) fossils. 
The variable nature of the formation is shown in the detailed section near 
Utiea, gtven herewith, but the details difflar greatly in ditVerent expo- 
Bures, Tbfui tlie general character is constant. The thickness at Eice- 
ville is 300 ioet; at Musselshell Canyon and Dirty Greek it is much less. 

Jbsillt.— The foesfls from the Quadrant gronp are abundant at ser* 
eral localities, btit only small <M)llections have as yet been made. The 
cnllpctions flponi Kiceville are dillerent in form from those of any other 
locality, the species showing a Bpergen Hill fucics. Ibe following 
^peeiflB ftimi tfaia place ]inv« been deterntinad by Ifr. O. D. Waloott: 

emlnala wlitUHa HaO. 

Eainctris wvyi Sham. 

Pagnax mnteta Hall. (Common.) 

Enph«ma8 oarbonariiu Cox. 

■XmmSIkMN. 8»Tw*MitM««Mil^d*: Bnll Owl Swt Aiiiirle*,Tol.III, liM^ypbiai-MS> 
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Dielaaisft rf. fnrniosA TTnll. (CaaiaMttt) 
8«minula lif. tiiuucku Hall. 
Eumetria veraeuiliana Hall. 
SpiriforiDa of. oriatato Sohl. 
AUoriMtft tp. waM. (Lik« Marionrtfc) 
Scbizodn<« > ttrtiforiuU WiImM* 
Eupbemus >p. undet. 
LoplMpihfllaaiipb t 
S^traopon q|t.f 

The followini? species, identified by Mr. fharlw Sohooherti vwe col- 
lected iToiu the FurkH ot tlie Judith, west of Utica: 

C.vtberella sp. f 

Anomphitlns Bp. t 

Orbicolokiea ap. f 

Derbya ap. nndet.* 

Seminnl.-i of. ti iimcTens. 

Prodootua auiuiroticulatiia Martin. 

BpiiitekmlniklbU. 

Ktwulft Ilk« parvs bnt Ingur. , 

On the Roudiprii llarik of tlie range from Dry Fork of Bolt Creek fos- 
sils obtained from the flssile liweetoQes but a few inches below JurasHio 
ftMrils ahow » tmm dHlbriiif ftmn any found elsewhera. Ur. 8«lia- 
chert Hays : « Ttie evidence, however, is such tbat no definite ago on be 
assigned to thisllMiuaolooer tluMi OarboniliBffoao, and apparently Lower 
Carbon i feron s." 

Produclua aemireticulatoB Martin. 

INclMtt»a|».nddi. 

saoTUMt otf tmnxi mnn maa unc*. 

liic tullowiug secLiun, wtiich waH measured in the foothills west of 
Utioa on tbe Jnditb Badn, near tbe Sapphire nines, ropfeoeots tba 

litliolugical t-haracters of the formation. in txi several landslips, 
* there is a little thmht about the thickneseesgiveu for the upper part of 

the section, wUicU may be excessive. 



Jwtm JKrw Mar rWM. 

KootaDie: Font. 

Blaok sbalcB , t 

Hed earths, alteraating with ^-fout hf\\» of i«aii<latOM .......... .......... 100 

Sandatonei miwiye md •very wbaro promtnept 40 

BadawtliB t 

Bnft' sandstone 3 

Red enrUia 50 

Saud«t<NM § 

Sands 50-75 



'▼•qraboadant. AaloiIhgi^oBOBirtwito^UieSt. Low^ 
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Utica 




COLUMNAR SECTIONS OF THE FORMATIONS OF THE QUADRANT GROUP, OF LOWER 
CARBONIFEROUS AGE. IN CENTRAL MONTANA 

Scale I inch .110 fuel 

FifM column r«pr*Mnto taction expOMd in canyon o1 noflti fork c1 MvH*l«h«:l Ri««r above MariinJai* 

Tha two brotian linat rur>ning b«twaan tha columni drirtda th^m -nto three poft-on* ol *ih«ch Ihe uppaf ona fep 

ratantt tha Ellit (Jur»Miei foiir^tion tht middle tha Otter kha^e and the lower the K'bbcy Mndtlona- 
Ractangulaf block patterns represent lrntefto«\«, dole Irmrg rapirsentt shale, stippling represents sandtto«ia. 
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Limestone; white, earthy 5 

K«^d earths aiul Bhalea 65 

Limcatotio changing t» nadllott*; tMuMaUM ft •onglooMlmto; eanlH 

foKsU grypbwM...... «... SO 

8M4rtOB«; llMlte, biwUng into plain oH^bnlf to 1 inoh tUiik S 

Sandstono; tirnwn; contoina typteftl JillHili (IIIMIm») fojaMa V 

Ctt'bonifeiuu8''l'rtiu>8ic : 

Band and red eartha .................................................... f 

IiUm«ton«; whit* 8-5 

Bed eartbn 

Banili-toiic : white, vrith local 1en»ea of earthy, li|;ht-bu0' limeatoDii :ni<1 

t^ypoiim, quarts oryataUi and locally with cooglomante and 6'mch balk 

of bnnded «bait S5 

Bad aaudatooe SO 

limestone; thickly and thinly bedded, hard, dense, gray to doTMwloNd 

rock; not cryHt.'dliix- . 80 

LimMtooe; uuuwive bed of rough weatheriug, gray liuMtoue............ t 

lilmMtaM; d^hria dwm anioate gMtanpiMte 06 

Limeetoae ; thin bedded 5 

No exposure 25 

8aDd8totie; red,«nrtkj, flMtto S 

No expouire 8 

tendatoiM; gnundar, fIteU*, mA loek with swMiTiB, nnuKl<wMl]MriBf 

Diiti'top 10 

Sand«touo; red 6 

No expnsuni 200 

Limaatonn; marbl^-lilM and waathering into reddinh-oolond bita ...... 900 

Ltin«atoae; yellow, waatiMCfag irltlh nmgb, prickly aaiftaa 2 

(>.\]i(is(ir.'. Soil hoidaa iw a W aa a w aof a|w« pl »ani <i adMiartwat bi aa fc 

ing into fine ili liiii^ .... .... 140 

Du'k.red iandt4t<iiie ; locally a conglomerate, generally led..... 15 

Linaatona} wiiita to dove colondj afaaly, breaking in plalaa a ttet aq^aava 
and one-fonrtb tnob to 3 inobea tbfcl, weafherlBg pink or lavender 

I olored, anil into red earths. C'.-uric.M minute giistenijxidN T135 

Saadstone; grauular aaeobaroidal, buff to yellow, Tarying to vhite and 

pink, ar red at top. ])iplO<-; fermabencta 45 

Shales; tfain-bedd«^d gruy shale and impure liuieatono; drift of luassire 
Trhite linii-stone, breaking iutojilocks 3 feet square, oovers surUace, but 
was not seen in place. Theaa beda, of whleh 100 fiMt are azposed in 

gnlly, resemble tbe Jnraaaio SOO 

LtmaataiM 7 

Bhale; dark gray, calcareous 2.5 

8hale; light green 10 

Shale; purple 4 

Shale; graenlsbwhlto U 

Qiaao afaale aerlaa: 

Minet<« sheet, wltb 1 fbat of altaiad ahala at eoDtaat. 

Green shale ........... ...... 10 

Oolitic limestone 1 

Oraan abate and puiplaabala... 15 

Homatona, or dark-aolofad altaivd BnaatoM, vaafhering light .... ...... 3 

Minette sheet...... .................... .......... .... ........... ........ 10 

Sbale; green 15 

Umartaoa; wbito and naaifva 5 
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abate; bUkok i 30 

LtneMone; pearl gray, daiiNHidoQBpMJl 8 

Shale; greenish gray, Boft aud crnmbl.r 30 

Limevtone; dense, jiMiper-liko in texture, malHlve 6 

UmcttoiM; iMiffj with earthy yellow staining 4 

81iAl«{ armaiblr nA hmHsiag into Am bits 22 

IjiiB«rtoiie; wUta mmI mawlTa 8 

SLuk^; not expoBed S5 

Limestone; white, luMSire, and dense, very bard and rarely ciystoUiae.. 13 

8lu3»i waitfgimjfWaAttatkf 15 

Limeatone 8 

Shale; fisaile or in plates oue-balf to 1 inch thiek; gray-colored shale, 

alternating with soft, more earthy shale, with harder soalloped layrrs . . 18 
Saadatonea ; iight-porple, gray aanda t oaes and sandy earths, with abaly belts 

•f«in«lMa«o8ftt» 40 

Rod (magrtcsian) earths, mottled and spotted one-half inoh with green. Rep- 
resoDts Unott«d or luiupy beds seen along base of Little Belt Mountains and 

at Oka 18 

MaaaiTa whita Umsatonaa. 



OHAPTBB III. 



bisscbifute geoiiOgt of the southebn Ain> jmnm 

INTRODUCTORY. 

In tii6 Jbllowing pagaftadateilad deseriptfamof a large iMrtof tiMlIt' 

tie Belt Range is giveu. A very brief «r?nmi:!rv of tht'so facts has 
alseady been presented in tiie general account of the range and of its 
roek fbrmetions, bat It is believed that the detaOed descifpliMM will be 
naeftd to those who ma^ deeiza to know mora of the geology of particu- 
lar parts of the range, especially of those diHtriots where mineral 
lesouroes are from time to time reported. For this reason the detscrip- 
tioiis, though sammarised from notee taken In the Held, are yet aone- 
what full, particolarly as an effort has been made to make the account 
of ea< li district complete in itself, neoessitatinfr tin occasional repetifion 
of facts previonsly mentioned. The observations on wliich the descrip- 
tions sra based were made in the snnimera of 1808 and 1801, and during 
brief visit8 to Neiliart in 1S9.1 and 1S97, WhilO tilO napipltig of thoareal 
geology of the region was in progress. 

For the purposes of descriptiou, the region ha«»beeu somewhai arbitra- 
lilj divided into Ave dietvlelSf of whiiA Ibarhave been named teom the 
prominent settlements of the area. The first embraces tlie entire south- 
ern part of the mountains, in wluoh there are few prospects and no pro- 
doetiTO mbuM. Itlndades the oonntry drained by the Judith BtTor and 
by Sheep tiraelu l!he Ibur otlier general divisions made are designated 
the Yogo, Neibart, Monarch, and Barker districts. The snbbeadtngs 
giveu in the description and in the tabie of contents will inform the 

in doubt* 

aOUTKBRH PART OF RAMOS. 

The relatively simple structure and broad topographic features of the 
Bontlipni part of the mountains have led to its treatment muler one gen- 
eral heiuliug. in this part of the range the I'elatiou between to^iographic 
Ihnn and geeloglo stmotora is most strikingly illustrated. The monn- 
tains are parts of the grejit broad and flat fold of the range, cut by 
streams and erosion into individual summits. The gentle slopes of the 
plateaus of the Judith and those of the higher mountain ridge forming 
tiie east end of the lange ibUow the tnoHnation of the easterly dipping 



• 



300 aBOLOOT OF THB LITTLB BBLT MOmnrAINBy MOHTAMA. 

beds ()f Paleozoic rooks whioh fonu their surface. Tbe broad sbeetsof 
the80 limestones are seen coverirg the summits or lying in overlapping' 
plates upon tbe outer flauks like tbe sbingks ou a roof. Tlieregioa 
shows no eyidenoes of glaoiAtjon, not even by tboso smsU and tooa) ioo 
pockets so common in tbe Kocky Mountain region daring Pleistocene 
time. Tbereforetlie topot^rapbic features and scuuvry are due to erosioa 
alooe, and tbere is a marked ooutrast between tbe areas where soft 
rocks oovsr the snrfhoe and those oovsred by » harder, nMne reslstut 

SAST END OF EANGE. 

The eastern end of the ranpre losi-s the bro:i<l ])lateaa cbaracter wbich 
prevails farther west, and narrows to an anticUnal ridge tbat termi- 
nstss abmptly at Jddith Gap, a fow nules east of the Umlts of the aiea 
shown on the aooompAnying mu p. ri. XXXVl. Tbis secondary range is 
alow mount»in maa«, whose dark forest clad slojies and white limestone 
elifi's are in strong ooutrast to tbe surruuudiug plains. Tbe highest 
sninmit Is a flat-topped elevation whose westward-lheing cliffii make 
tbe name niiifT Mountain an appropriate one. From tliis point east- 
ward tbe range declines very gradoaUy. There are no sharp i>eaUs, 
and tbe only individual summits are the two kuowu as the Twin Peaks. 

Foothills. — To tbe sonth the mountain traot is flanked bjr a vvty nar* 
row belt of footViill ridtrcs nnri nn onter plain whose ffontly sloping, 
uniformly level surface exleuds southward to tbe meadows of tbe 
Hmseisbell Blrer. Forth of the monntmns the fbotbill traot is widsTf 
tbe ridges forming pronounced topographic leatorss and inelosing a 
basin of considerable extent. 

The iuolioed plain about tbe mountains is a feature common to most 
ranges of tbe State. It is vnderhiin by soft and easily eroded shales 
and sandstones of Cretaceous age, leveled by the streams f^)m t1io 
mountains to broad plaiif itifxi terraces. Seen in profile tbis tra<.*t 
appears to consist of a number ot terraoes of different levels whose 
front is deeply trenched by lateral drainage ways and crossed by the 
larger immntain streams. 

tStmcture. — Tbe structure is simple, this end of tlie range being an 
anticlinal arcb whose axis pitches eastward, so tbat tbe range declines 
in height in tbat direction, and «ids where the massive limeirtone beds 
pass beneath tbe plains. Tbis structure may beconipared to an inverted 
canoe whose prow forms the hills east of Twin Peaks. The rocks thus 
nplifted and folded are all of sedimentary origin, aud in the monntainB 
are all of Paleozoic age. Upon approaching the niount;itn area tbe 
slopes are •'eeti to be shoathetl with <;re»t curvinL' jil res of limestone, 
cut iuto scallops by the streams that treuob the i>iujies. Traveling 
up any of the larger drainage ways, the Strate are seen to dip away 
from the mountains. The inclination is slight, not over a few degrees 
upon tbe outlyitif,'' terrace plain, but e:r:idually increases as th" moun- 
tains are approached, until it becomes 20^ to 3U<~' in tbe tootiiiii tractt 
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OontlnQing ap the Btreaai way, this dip inenMes notO, in the narrow 

gorges oat im the liiiiestones, it is generally 30° to 40^. If one eontinues 
np the gorge, he will find that the dip jTradnally lesseoa nntil the 
beds are nearly flat upon the suminit, or dip at a low angle to the east* 
ward— Chat is, with the Tsnge and not away ftom its uda. The sane 
structure will be fontul on the opposite side of the range, so that a cross 
Rectioii would show the structuce to be that a flat- topped aroh with 
steeply sloping sides. 

The enek wIkm broad vall^ ent into the opwi plain is known as 
Hopleys Hole, shftws in tlie foothill tract excellent sections of the beds 
which overlie the great limestone series^ ▲ section at this locality 
•howed the usual development of the Quadrant fimnation and overly- 
ini; Jnrassic beds, but the overlying Oretaceous rooks wliloh turn tlw 
onter part of the foothills were not ^vpll piif>ti<rli expoj^ed to warrant Ita 
subdivision into the formations recognized farther north. 

DMff OnA tectitm. — ^The stn»m known as Dirty Greek aUbrds good 
ezpoeares of the Qnadrant li;ttniatioa» and the Iblkkwing leotton was 
meaanred; 

Stctioti tm IHrtg Cretk, 

CntMfloiu ooestonMRrta. Vwt. 

JnniH«i<:: 

SwDiirtoiBg ; coaiMr, 1ms firmly oMneatedt gmcnlly wddidi; ftmnHiflMS 
Slo|MBSiid meat of lilll 

SMidatoti*; ]r«11ow WMtiwrinf, w«U be4ld«d Md eroM b«>dde(l, oiirryiii. . 
lurge gry)>U«'a« .......... ... 

Conglouurate (1 to 1^ fe«t), formed of chert midules and limestuno pebblea, 

•mnfedOst 

Carbon ifcrotiH: 

Lim»Htone; light brownisb-grny, carryiD^ lilack flinte; dense, not crystal 
line, ui.iHaive, 3 to 6 foot beds; no fossils in lovrer '20 feet, but abuuihint 
lawoK«lis*ileMid«bia;,7eU«w-W4»«tfa«riogliiim(on»foniiiiigupyc^ 36 

UiDMtaiiei liark-blae, to 9 to 3 lbollMd«i altariMting wHli S to' Uhiob bedsof 



slinly liinostono, rarrying fo!«8i1s IS 

Linie«t«iio; llglit >;itt.v, heavily bfdded, eurrrins dense bla< k c hert 10 

Shnles; light earthy colored and green, in pnrt sandy MO 

Limestone; black and ahmiy, changing to deoae bine limesCooe above....... 00 

Shales; with IntorbeddedlnponaaiidatoiMa and nd day* at ths bate 100 

Linic-<tone; iti ti^e, massive, nearly white, not crystalline, carrying white 

chert in layers and oodales 15 

UawlTa OHbonUteow beda. 



As the uplift of the range inoreaaes westward, eroakm exposes die 

older uucleal rocks of the fold on the very Hummits west of BInif 
Mountain. The thiekiiess and relative jiositioiis of tin' diflerent fonna- 
tious are best sec-u iu the sti-tutm gorges, but thesu are generally too 
narrow and preoipiUma Ibr travel, eapeoially where ent in tbelinieatone 

series, and it is easier t-o follow the suiumit of t1i(^ riil^es. Upon cros.s- 
ing the rough outcrops of the Oarboniferous, ou which an abundant 
growth of pine flourishes, an opeu grassy sag or depressiou is found to 
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mark fhe prasanoe of tike dialy beda. From tlie baaeof the Madiooa 

formation to the summit of tlie raii|::<' Tliere are mountain meadows and 
groves of piue, and as oue asc ends tiie slope the low step like outf:rop8 
of the Utu'k-colored Jeflertsou liuietstoue give place tu the BiDooth slopes 
and fioli berbage of Hie OamMao ahalaa. 

The strata on the snininithave a gentle easterly dip of abont 2'^ tn P, 
and this may be assomed to repreaent the piteh of the axis of the range 
at fUa point. Tbe expooone of Oambrian shides capped by Itmestonea 
in Bluff Mountain show, however, that the average pitch of the axis is 
lo 30', rnlcniatf'd on fh(* of the known tUoknoaa of (ho atnUa and 
tboir elevatiou at the east end of tbe range. 

JfoinifajN.— BlniT Ifoontain preaanta flta moab itriUnff aeoMon 
Hi tiia general anticline to be seen in the range. Its ateep western face 
shows several hundred feet of greenish micaceous Cambrian shales, ' 
with interbedded limestones, capped by the heavy bed of limestone which 
ftrmatheoUff attha topand wboead^brla Utien tiie alopes. Semfrom 
tbe west these beds form an arch in Twin Peaks. The outlook from 
the summit is extensive and aflords a comprehensive view of the entire 
sonthem and eastern portion uf the range. To the west tbe bruad plateau 
anmmit i« notehed bys depreaafon eut ttnoogh toUie gray ahateaof the 
Bait Ibnnatioii, the nnclcal core of the range. Boyoiifl this the plateau 
ehamoter is more marlied and continues westward for umuy miles. To 
the north the anticline is seen to be deeply cut by the South Fork of 
fha Jndith. The midn stream penetrates to the Belt fonnatioii, bat tbe 
resistant sandstone that forn)H tttp b:(s<> of the Cambrian rnvpf PvtiMi- 
aive tracts, forming a densely wooded plateau leveL Beyond tbe South 
Fork of the Jnditfa the alopea ahow tiie ezpoeed edge of the beda that 
underlie the Lost Fork Plateau, the beds dipping at aa aof^ flOill- 
oiding very olowiy with the alope of the plateau anrfltefc 

The lew aohnoimtidnoaa traet drained by VewfaMid Chieek ia fbe 

southern extension of the Little Belt Hnnge, The topography la in 
strong contrast to that of the range proper, where the later Paleozoic 
rocks prevaiL It is an open connti?, with wdl-ioiuided hills, gently 
modeled ^pes, and bruad summit levela. The atraams cnt the rocks 
readily and erosion is rapid. Over lar^ areas the coontxy ia tveelaaay 
shows little or no soil and a scautgr growth of grass. 

The Belt ftnnatlon indndea aeTaral horiaooa, and theae are well 
developed in this region. The Newland limestones form cliffs border- 
ing the creek meadows, and the brick rod shales which locally form the 
top of the Belt terrane are well developed, weathering in guUies that 
aqpante the bflte of drab ahale ftem the wooded lidgealbvn^ bythe 
outcrops of the Flathead quartzite. 

Tffncoua intrnmonK. — The Klialy beds of the Belt formRtioTi aro e^wily 
penetrated by igueouci inUuiiiuus, but wiiliui xJma purt ui Uiu range 
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osdyaftwoainipovlMtmaMesof iftneoos radc Several of 

tlit'se are .seeii iD tlic slopes bordering Newlaiicl Creek, tlieir occurrence 
being HhowD on the geologio map. Near the fork of the road on the 
north side of tbe creek the shalea, which dip downstream at au angle 
of 180 to aie penetnted hy a nnall hims of ]ionibtoiide-niUNi> 
porphyry. The rock is platy, o<*cur8 rif nn intrnsive sheet mnformablo 
with tlie Btiale», and i.s apparently sheared by its upheaval with theou 
The porphyry in greatly altered. 

A mile below the point just indicated a white or Btraw-colored rhy- 
olite porphjrry is encountered, tlic dt*bris of whir h forms a slide along 
the slope. The rock is mucti decompotted aud showti little quartz ccya- 
talB eeetteied through a flno-gniined groundinaaey and eeveral amall 
expoenres occur on the southern side of the creek. Tbe intrusive rooke 
do not disturb tbe general structure of the sedimentary beds nor 
produce any appreciable metamorphism of tbe indosiog shales. Farther 
down, the TaUey has been eat aeran the nptorned Oadibrian roeka. 
The basal quartzites are separated by a bed or shale into which a 
variety of frranite-porphyrj* of rather tine grain has been intruded. 
The weatiiered surface is somewhat rough aud pitted aud shows only 
nrand qnarts grains, bat Uie ftesli ftaetare allows glawjr eryatals of 
quartz an eighth of an inch across, small yellowish ff ld'^para, and 
larger, tabular crystals of clear orthoclase a half inch or more across. 

Korth of the ereek the Oambrian sandstones change their course, and 
tiie ledges extend along tlie slopes a fbw hondred fbet above tbe creek. 
The overlying ('ambrian limestones are rnt throngli by the creek, the 
ledges di|)ping downstream. These rocks are intruded by a mass of 
granite-porpliyt y that does not disturb this general dip. The rock 
is fine grained, platy near the contact, and WMtbers in maasiTn ov^ 
crops. Below this intrusion the limestones appear, with the same ^en- 
eral dip of 26'^, the strike being !N. 55^ W., or nearly at right angles 
to the ereek Talley. ▲ small lateral drainage eatfehig Into the west 
end of the ridge marks the approximate location of a fault which 
extends from tbo month of Four mile ("!reek, north of ("Castle Monntain, 
along the limestune hills aud ridj^es north of the Hmitb Kiver Valley 
to this plaoe. This flradt, thonifh not so prolband as the one that 
defines the northern border of Smith River Vallev north of White 
Sulphur Stiring^s. is yet an important element in both the geology 
aud tbe topography of the region, though the area affected lies outside 
of tlie regfaHi under immediate discussion. Beyond the fault the lime- 
stones exposed on the slopes bortlering Newland Creek are also of 
Cambrian age, bnt strike 20^ E., and dip at 1(P to IBP apstream. 

North of Kewlaod Creek Yalley a broad, nndolalang snmmit extend* 
to the borders of Sheep Creek Valley. This tnot shows the gray 
shales and limestones of the I'.elt formations, which are intruded by 
sheets of porphyry a few miles south of tbe sharp, fbrested eminence 
called Coioomb Bntte (Blaok Batte). At the Mmth baae of tUa bntte 
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Hm rodcs show local indvmtion and aara podcered and wiinkledf bat 

the general strike is oust ami west, and tbe di]) 0(P to the south. The 
stratigraphie throw of tbe fault is at least :'>,0o(i leet, a» that thickness 
of beds is wanting between the qiiartzite anil the Ivewland limestones. 
The fiwlt iDQst be aa (preat w this, even If the qnartsite is Gambciaa 
and not Algonkian in age. 

8H1SSP OmSEK TAIXBT AND TICIIHTT. 

Sheep Greek la the largest of the stceana draining the vestern dope 

of the range and emptying into Smith Kiver. The wagon road from 
White Sulphur Springs crosses tlip broad meadows of tlie low divide 
between Newland and Sheep creeks, and follows the latter stream 
throngh a broad valley to the pass across the range at the head of the 
stream. For several miles below this pass Sheep Creek flows over 
the bedded rocks in the direction of their dip, then, turning westward, 
has u course nearly coincident with the strike of the rocks. Below this 
broad strike valley the stream enters a canyon ent aeroBS nptonied 
quartzite beds and descends with rapid grade throngh a narrow gorge 
cut in gneisses and schist.' 

The geologic stTUcturo is as simple as that of the pliiteiiu country of 
the Judith. The stream follows a valley cut into a bloek of sUghtly 
tilted sedimentary beds, dipping: southward from the parks of Belt 
Oreek to the profound fault which bouods tbe mountAius on the soath| 
and brings up tbe lower fbnnationsof the Algonkian ngaiDst Cambrian 
rocks. The strata have been eroded into <»nnected but individual 
blocks and the valley cut in sr»n shales of the Cambrian and Belt ter- 
raues, whose underlying quartzites ft*rm the resistant beds that have 
determined the presence of the broad , park-like valley. There are sev* 
eral bay ranches in the bottom lands, at one of which the post-ofBoe of 
Wdsegr hm been established for many years. 

OfOKT MOUKTIIM. 

South of Sheep Creek dark wooded slopes i ise steeply to the ridge 
whose lii;xbest summit is Smoky Mountain. This mountain block is 
formed of beds incliDed soathward at gentle angles, varying between 
30 and ffo. The Cambrian qnartzites exposed in the valley floor near 
Wolsey pass beneath th(> slopes, the overlying shales being concealed 
by the soil and vegetation. At 950 feet above Sheep Creek the low 
ledges of tbe brown and black Jeilersou limestones form low reefs 
«ctendtng along the slopes, and above them the more massdve light-gray 
limestones of the Carboniferous are well exjiosejl. The beds dip west- 
ward in the butte ba<-k of Kinueys, conforming to the gradual sloyte 
downstream of the quartzite beds of the valley floor. The summit of 
Smoky Mountain is capped by a flow of basalt, which extends down 
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an eastern spar of the nionntuins to an elevatiou 400 feet or more 
below the summit, clearly proving the uueveuaess of the sorface on 
wUoh tbe lava flowed. The mok Is very dense, of a dark-gray eolor, 
and seems to Ito lilicrally sprinkled with tniimto dots of ycllowi.sh oli 
vine and ttie spots of ocher left by tbe decoiiipoaitioo of that iniiierui. 
It is a normal basalt, very dense, and free from the vesicular cavities so 
often seen la banltio lavao. IToax the limestone oontaet tbe rock is 
lighter in cnlnr, banded, and diowe oonsideirable hornblende in aoioolar 
crystals and nests. 

The sonthem ilopai of the moantain are more sparaely wooded and 
show better expoeores thanaie seen on the Sheep Greek side. An 
intrusive sheet of porphyry occurs in the Cambrian shales 300 feet 
below the brown limestone horizon. This sheet of porphyry, which is 
estiDated to be 100 feet thick, forme a pKCMninent bench, and iti ontenip 
is traceable along the smooth slopes Unt a mile or more. It is largely 
weathered to a rusty iron-Btained rnnss, which has been prospected at 
sevei-al places along the contact for muit^rai deposits, but no ore was 
seen. The rock is a rather coarse-grained rhyolite-poiphyry, in which 
white felilspars and black biotite scales, with occasional small grains 
of glassy quartz, are seen by the unaided eye. A second iutrusive sheet 
of porphyry is cat by Newland Creek at the base of the slopes, and a 
dike of darker rock cnts tInoQgh it and the abalesy liie contacts of both 
nn^s having been QBSoocessftilly explored fiir ores. 

VOLCANO VAU.ST 9AVt.t, 

The head-water valleys of Newland Creek show the Cambrian shales 
faulted aprainst those of the Belt terraue. The fault is traceable east 
and west, and i^ believed U> be the exteusiou of tbe long Volcano Val- 
ley fiknlt, by which the OarbmilliBroaB and earlier Paleozoic Uaestoiies 
are thrown against the Belt shales. The amount of throw diminishes 
westward, however. This fault is recognized on the divide between 
Newhmd and Sheep creeks, where the Osmbrian qnartsite forms a 
small detached wooded ridge rising above the meadows, and the rocks 
show brecciation and ixdished slrckensided surfaces. Tbe conrso of the 
fault was not deUuitely located west of this, but it i^ believed to be 
eontinned in the fanlted beds of Coxcomb Bntte. The quartsite expo- 
sures just mentioned contione westward, and appear In low reefh 
dipping' at T)'^ downstresm, and flanking the creek meadows a conpleof 
miles below Kiuueys. 

COXCOMB Bona. 

The Siieep Greek YaHey ends at the base of the dark sharp'iAested 

knob callerl Coxcomb Butte, sometimes designated as Black Butte. 
Quartzite is again seen at the southern liorder of the meadows at the 
base of this butte, but its age is uncertain, and it may be part of the 
Belt terrane^ though mapped as Cambrian. The bed dips at ffc> toward 
the valley, and the rock is macb fracinred, Iron stained, and jaspery, 
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with green copper staius, which latter led to the digging of prospect 
pits and the looation of » mineral daim. Gozoomb Batte is fbrmed of 

dense compact qaai-tzite. The beds are on edge and dip at 80^ to the 
east, and are in contart with gray Belt sJtalc whose ready weatheriug 
caases the quartzite to stuud out in relief. Tlie quartzite its probably 
ftuilted, for tbe vpper red tbale belt of the Algonkian is wantintr, and, 

Tiioreover, the qimrtzites show crusbin;^ atid hrecciatioii. The beds 
coutiitue northward across the oanyou, iu whose walls they are seen 
dipping at 80^ to 85'^ downstream. 

SHKKP CItRKK roPPKB MINR8. 

Two prospectors who owu a iiuy ranch at the lower end of the valley, 
Meeen. Weir and Tyhr^ have located oSaiius on «opper>atained aeama 

ill t\w <iaait7itc formiiij,' tlic flanks of the butte. Their claims are 
located on a stfcondary ridge alongside of a small drainage cut into (he 
east side of the butte several hundred feet above the meadow. 

The Yi^nia mine is located upon what appears to be a breociated 
zone of iron-stained ((luirtzite. Tbp shaft was 70 feet deep in nul 
a30 foot drift htid been run. Both the surface indications and showing 
made by workuigs were extremely poor. There Is no evidenee of a 
well defined Tein, and the ore is neither abundant nor rich. The loca- 
tion is probably on tlip fault line previnnsly mentioned. Unaltered 
quartzite is oxjiosod on a little ridge to the northwest of the claim. 
The enmniit north of the batte ehows nearly boriioatal beds of pink 
and gn^ qnarNte, 200 ftet thick, dip 1° 8. 

CAHTOX or LOWBX SBSir CRBSK. 

At the 'base of Coxcomb Butte the creek enters a canyon cut acroaa 
ledges of steeply upturned beds of qtnii tzite and indnrated sandstone. 
The beds dip downstream at 80^, and an estimated thickness of 200 
feet is seen. In fdlowing down the canyon the west side shows quartz* 
ite debris, but no exposures appear in the slopes above the wagon road 
until the red fjneisses and sclnsts of the Arflieaii are t^aen at Mtwse 
Creek. Ihe i>ositiou of the quartzite between Archean gneiss and the 
Belt shales indicates that it is the Neihart quartsite. The steep dip of 
llie beds and the fact that the flat snmmit west of the bntte shows 
nearly horizontal beds of pink and gray quartzite capping the gneiss, 
as weU as the finding of similar flat-lying beds of quartzite at the east 
base of the butte, would indicate a cross fault here at right angles to 
the ynaiii Yoh ano Valley fault. No direct evidence of this, however, 
was obtained. Below the mouth of Moose Creek, where an old dam * 
still extends aerosa the main stream, Sheep Creek flows in a narrow and 
rapidly deepening gorge cnt hi the Archean gneiss. ' The slopes of the 
Archean rocks are rough and coveretl with fallen timbei'. but the 
bedded rocks may be seeu high up on the Bioi>es, and several miles 
down the oreek the limestones may be seen dipping at angles of !<> to 
8^ to the west. 
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The nntiquity of this valley is proveil by the occurreuce of u liow of 
deuse bluck basult. It is first seeu a half mile below Moose Creek, 
formingaclitt'lUtolS feet in height facing the narrow allavial flat and 
making a narrow bench on the hillside. This extends at al>out the same 
level to the first creek below Moose, where it is 125 feet thick. It is 
evident that it fills the ancient valley bottom, but no extensive accuuiu- 
lations of gravel were noted below it, and the creek now Hows iu a 
channel cut between the basalt and the slopes to the south, leaving ihe 
basalt as a bench with gently sloping top, on the northern slopes far 
above the present stream. As the under surface of the basalt sheet 
slopes gently to the east it is clear that the direction of the dniiuage 
has been reversed since it occarred. 

BKAD WATERS OF SnCRP CRRKK. 

The valley of Sheep Creek above Wolsey narrows as the thinly 
be<lded Cambrian limestones and conglomerates appear. As already 
noted iu describing ijmoky Mountain, the beds dip at a low angle south 




Flu. 37.— Mioette nbcvLs lutriidFtl Iu limODtouM, bc4Ml v»lera of Sheep Craek. 



and the valley is cut along the strike of the beds, so that the higher 
beds are only encountered as the grade of the valley gradually carries 
one to higher elevations. Above the mouth of Lamb Creek the direc- 
tion of the main valley corresponds to the direction of the dip, and as one 
ascends the stream the descent of the creek is very nearly coincident 
with the dip of the beds. Near the low pass by which the stage road 
reaches the head waters of IJelt Creek the slope of the valley is, how- 
ever, a little greater than the dip of the be<l8, so that the strata seen in 
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the steep slopes at tbe liead ot the creek are cut through aud lower 
borixoDS appear loww down near tbe main valley. This is well sbown in 

the intrusive sheets seen la this locality, which are showu upon the map. 

The slinle ex|)08ure» nlo««r this part of the croek contain abundant 
remains of Cambrian invertebrates, I'rum wliich large coUectious have 
been made. The lower shales abound in tha wedge-sbaped Sy^Uut, 
of ■vrhirh some of tlie befls ore iilrnost made up. Nearer tbo divide tbo 
shales contain nodules and tliin laj-ers of limestone. 
. Mitutte ttttnmon*.— Near the head of Sheep Oreelt tbe Carobriau 
series is intruded by a nomber of sheets of igneous roek of a totally 
different type from any of tlio iritniPinns observed fartlirr snnth. A 
mile or moro above au old dam (erected when timbermeu were at work 
In the valtey) the soft shales are seen to be cut by a sheet of dark basio- 
hnddnj^XOck. The road has been cut across the slope and shows a good 
exjwsTirp of botli the intrusive rock and the Logan shales, while near liy 
the creek banks also show excellent exposures. There are several 
abeetSf at least three being noted near the ereek. They are from 3 to 
4ibettbtcfc) the two lowest separated by an equal thickness of shaly 
llmestono and well oxposetl in tlio ' t ock bank (see flp. 'M). The latter 
forms a lit tie elill G to 10 feet hi^'ii alongside the creek, resting ou shale 
and capped by thinly bedded limestone. Seveuty-flve HBetabove, another 
5-foot sheet of niinette outcrops on llie hIojic, sopatated by 15 feet of 
limestone and aiiale from a stiil higher U to » foot sheet. Several still 
highci' sheets ])robably occur here, us they do in the same strata on the 
Steep aloiies east of the Neihart Pass, bat th^ were not loi^ated. Thoagh 
apparently rp^rnlarly intnidcd. at least one slieet showed loeal Tliicken- 
ingf and it is believed that the intrusions vary somewhat in horizou^as 
the unaltered shales are soft and offer little resistance to tbe breaking 
through of tlie magma from one tjcd to another. In some exposures 
rouud bowlder like masses snrroinuJed by concentric shells of altered 
material are seen protrudiug fi-om the face of the exposure and recall 
the bowlders of granite regions. These bowlders nsnally show cores of 
Mdid, less altered rock, sorronnded by shells of material showing more 
and more alteration. 

These rocks are dark colorcil, and form low, generally rounded out- 
crops that stand above the shale slopes, the rook beingexposed in fresh 
cuts made in building the wa^on road and in low walls alon;; tlic banks 
of tbe creek. They tn^cnr as sheets intruded in the shale or, more rarely, 
as dikes. The^ic intrusive sheets vary from a few inches to 20 feet or 
more In thiekncsi, and have all produced more or lees contact metamor- 
phism of the shales. In f lie tbinner sheets this amounts to merely an 
induratimi or hardening of the shale, which becomes slatyi and ofl'ers 
greater resistance to weathering than the unaltered rock. Tbe thicker 
sheets produce a greater effect upon the rocks in which they are 
intruded. This is (\speeiallv Tintiecablo in the thinly Iiedded. impure 
limestones, which are indurated to horustoues or to adiuole hke rocks. 
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The latter are liuely crystalline, banded rocks, of lavender, pale-g^reen, 
and bull' tints, witb a coucboidal Cractare, wbicb abovr little nostti of 
lnyiwMiM and oavittoa lined with biro«rn garnet. 

The ititriisivf rocks themselveR aro mincttps. and are regarded as 
offshoots of the great stock iutrusiuu of Yogo Peak. Thejr are prevail- 
ingly of an olive color, and weatber to eanly tbatthe foek ernmbleB to 
i«;uHl very readily. The xookaTavyxteatly in grain. Int]it> tliiusheeta 
and dike8 the rock is very dense or fine grained, reRenibles basalt, 
resiata erosiou well, and shows browish withering exteudiug only an 
inch or less trom the snrfiuse into tbe rook. The thieker sheets consist 
of a type that is easily recognizable as grannlar, and that weathers 
rfndilv to an olive colored micaceous sand, Tlio fluer-grainpfl rocks 
euuuiui uo visible minerals. The coarser tortus glitter with the rudeu- 
tionaftdm innamerable little partteleaoP mica, and sometimes show bio> 
tite scales or masses a (Hiai tcr of an iacli a< i «iss, and inort> rarely aa*Ound 
blebs of olivine. With the lens the specimen is seen to consist of an 
intimate mixture of biotitu and a white component (feldspar) in nearly 
eqnal proportions. Galoite seams and loand atnygdules are also seen 
in the decomi>osed rock. The exposures generally show the minette 
cat by narrow dikeiett^ <i inches to 1^ feet wide; these are of a light- 
colored rock wfaidi resembles a dense porphyry or apUte, bnt whieb 
petrographio study diows to be a granite-syenite aplite. These little 
dikes are irregular or ci-ooked in coarse, aii< I show iiia»Hive Jointing. 
The must interesting peculiarity of the sheets whs observed in the con- 
tact portions of one of the intrusions, where the weathered snrfiwe was 
a mass of little round spheres and the fra<;tured snrfact' showed the 
rocks to be composed of lipflit {jray spheres, smaller than peas, held in 
an olive matrix, it is a variolilic phase of the rocks above described, 
Which is iUnstratedin PI. LXXIIf, B, 

Oiip Imiulrpd feet bolou- the divide, on f hp Sheep Grenk sidp. an intru- 
sive sheet of dense green rock !> feet thick is seen, forming a low, 
rounded outcrop near the road. This sheet is intruded in shales and 
is itself cat by a 3 foot dikeof adcnser form of the same rock, the dike 
trpndiii L'^ > E. The petrofifraphic description of these i oi ks, and of 
others o( the bame charac ter from various ueighboriug localities} iS 
given in the appended paper by Proftasor Pirsson. 

XOrNTAINS VOKtU 09 SBBBT OBKSK. 

North of Sheep Greek the main divide of the range is a low line of 
rounded, heavily timbered sommits that rise above the broailer parks 
of Ht It ("reek and the flat suininit levels west of tli(> divide. This 
mountain tract is formal of beds dipping gently southward or westward 
near Tenderfoot Creek. It consists of bedded rooks with conformable 
intmsive sheets of pruphyry. Quart/.ite is the prev^ling and most 
prominent rock here, as it is in tlie Kelt Creek parks. 

WUliama Mouutain. — West of Moose Greek the quartzite is seen 
resting on Arehean gneisses, the present gently soathward-slopingsoi- 
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face of the somnib of Williams Mountain cooforming very closely to 
tiie beddloir planes of tbe xoeks. North of Wolmy the mme stractnre 

is found, btit the qnartzite is bere UDmistakably Cambriau, as it con- 
tains fossil remains and overlies the Belt shalve. It covors thpsnmmit 
of the mountain, wiiosc slopes conform closely to the foldings of the 
loek, but, m the slope is a little steeper than the dip of the beds, the 
qnartzite is cut through, occurring again in the valley at thelbotof die 
mountain, as already moiitioned. 

WoUey Mountain. — Ibis name is applied to the mountain uortb uf 
Sheep Oreek. Korth of Wolsey the lower slopes whieh rise abova the 
hay meadows art' formod of rid^os running piiiiillcl with the A alley. 
These ridges greatly resemble moraines, but upon close examination are 
seen to be the result of landslidee, due to the slippiuj,^ of the Flathead 
qnartzite open the soft Belt shales. The slopes above are thickly 
wooded, with oecnsional open ]>arks. to a le\ el T "on feet almve the 
creek. Here the Cambrian quartzite is seen dipping south at 5°. 
Wb4»« the qnartzite forms the saifikoe the woods beoome more open, 
imdsprnces and tirs oeenr, with freqnent upland liieudowsirhieh extend 
np to an altitude of li, .■;.">() feet above the creek. Here an abrupt cliiV 
marks the front of a basalt cap that forms the summit of the mountain. 
The total thiekness of basalt is abont 75 feet. The roek vaiies some* 
what in character, ranging from a dense, compact, blm k basalt to a 
slaggy or breeciated, vesicular form, but presents no petrographic fea- 
tures of special Interest. The main divide is covered by the usual heavy 
fbrestof lodgepole pine, aod fhows long talus heaplngs of pcophyiy, 
the debris fron^ n sheet of rhyolite porphyry wWoh extends tnm Por- 
phyry i'euk to the head of Tilliughast Creek. 

I'otpkyry i'Mft;— This is tiw aninnit west of the pass at the head of 
Slieep Oreek. It consists of shales with several intruded sheets of 
porphyry, one of which is now ex]»oscd and foi ms its Krunrnit. Thone 
shecta are seldom well exposed, for the i-ock breaks into small d(?briS| 
which te asaally mneh altered. In the eastern spar of the peak, run- 
ning down to the pas-s, two sheets were identified, but so widespread 
is the d* hris that others, if present, wonld 8<iarwly be rec«)gnized in 
the dense woodis that cover the slopes. A minette sheet was found 250 
feet below the sanimit,and anothw sheet is intrnded in the shales 
beneath the porphyry cap of the summit, whose lower .snrnute is cut 
by tlie miiu'tte. The rock is similar to that exposed along Sheep Oreek 
at tlie uaKt base of llie peak. 

JUDITH REGION. 
PLATEAUS OF THE JI DITH. 

Sonth of Togo Cre*'k tlie tnnin summits and eastern slop© of the 
Little Belt liaugeare a plateau country that is deeply trenche^i by the 
three forks of the Jndith Bim. The snmmit has an eastward inelina> 
tion,whldi is alight on the main watershed bnt pronoonced on the 
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extenaton ot the plateM eAsfeward Into the Interatream anae. Th«M 
taminits are margined by escarpnients tbat rise above tbe 
steep slopes (»f sbarply V shaped valleys. Tlie mountain 
top is a park regiou, showing extensive areas of ux>eu 
gnwa land wllli elampa of spraoe and flr and groTea of 
pine. The 8trean)8 bead in deep amphitheaters cut in 
tbe nearly boriznntal rocks ol the Rumnut, and are fed by 
perenuial springs and by tbe melting of tbe great snow 
banka wbieh gather in tbeae amphitheaten daring tbe 
atorma of tbe long winter season. The three streams — 
YoRo Creek, Middle Fork, and South Fork, which uniting 
form tbe Juditb Kiver,jast east of tbe range — all bave 
ahaipiy eat bead-water oooraea kadiug into ftn open 

mountain valley. Tlelow tbese valleys the streams (low 
through deep and narrow canyons whose pinuamled walls 
of white limestone are extremely picturesque. 

Tbe atrnctore of this part of the range is almide. It is 
formed of the stratified roeks. whose beds are nearly hori- 
zontal on the main divide, tbe dip being but eastward, 
while en Proapeet Bidge and Loat Fork Plateau and in 
the waUa of tiie lower canyons the dip is fVom 10° to IS^. 
As a eonsequenee of this easterly dip the snniniit escarp- 
ments and creek canyons show tbese beds in orderly 
aeqnence, and the diflbreut fiHTuationa exhibit thef r pceol> 
iarities of weathering and of color in remarkably well- 
exposed sections. Tbe summit areas, on thecontrary, show- 
few natural sections, for the surliice slopes eastward and 
TBiy nearly oolneidea with tbe dip of ttie atrata, ao that 
large areas are often covered by a single bed. As a con- 
sequence of the gnulieut of the stream channels, steep near 
tbe head and low farther east, the three main valleys cut 
deq[teat into the sedimentary series 6 to 1# mHea eaat of 
the diTide^ and the uplift of tlie range being greater to 
the aoath, tbe South Fork exposes the oldest beds. 

In thia sontbern part of the range there are no igneous 
rooks, but they appear in tbe form of sheets and dikea 
abont the head waters of tbe Middle Fork, :tnd become 
the moat prominent and important elements of both struo- 
tnre and aoeneny north of Yogo Oreek. 

80DTH FOBK. 

The Sontti Fork exposes the only area of tbe Belt rocks 
Ibandontheeastsideoftheraoge. Tberoekaaretbenaoal 

gray shale-i, whicli arc deeply trenched by tbe streams. 
The beds do not dip directly east, for tbe strata dip away 
from the aroh ftmnlng the eastern end of the range. The Belt shales 
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are oyertrnji by the reddish sandstooeB and qmrtiites of Oambrian 
ago — the Flathead qnartzite, which is a very durable rock and foroui 

extensive areiis of deuscly wixidetl i)1att'ims stoping northwestward. 
2iorUi of tbe stream these quartzitcs pass beueath the surface, and the 
parka of the region are nnderlaln by the aoft mioaoeons shales mi 
thinly bedded limestoues. The absence of igneous roci^s c:oincides 
with the reported lack of initiernl disfoveries ii- t)ii>; regrioit. TIjc cli- 
mate here is far tou rigonms fur agriculture, tuuugii the parlv» alloitl 
anrnmer ]Mstiirag« ibr large herds of cattle. The lower canyon is trar« 
erstd liy a wagon road from rToovci to the forks of tlic river, (lie caii- 
you being wider and the bottom less rugged than that oi* the uorthem 
forks. 

MiDDLB roea. 

The Middle Fork jj» the largest of the three branches of the Jndith 
headincf in the range. It drains n large part of the niuin summit rt'trinn 
south of Yugo Peak, and one of its tributaries dniiim the plat^^u 
eoontry to the sooth, geimally known as Lost Fwk Plateao. The tower 
canyon, below Lost Fork, is a narrow and tortnons ^-^orge <5 milt s lon^'-, 
in which the trail has to follow the creek channel for umch of the way. 
Above Lost Fork the valley widens, and the creek is bordered by 
bench-land parks, on which hay has been ent and cattle have been 
iwstured for several years past. The small head-watfi- ptrfims have 
leoeived the name of prospectors who have explored them or Ibnud 
mineral deposits npon their borders. Many claims have been located 
and rich samples of gold^ silver, and copper ores brought to Neihart at 
various times, but thf inaccessibility of tin- re{,'ioii has deterred develop- 
ment, and no mining has been done nor any ore shipped during the ten 
or nKwe years in whidi the Tarioaa disooveries have been known. 

A.nide wagon road wa.s built many years ago from the old Neihart 
stufje r«»ad on (VBrien Creek to the summit i^f the miifro and down King 
Creek to au urra.stre erected to treat oxidized ores found near by. The 
eacdest outlet Ibr the locality ia down tiie stream to Utiea^ a longer but 
an easier rontf for a \\ ajron road. 

The summit of the range at the iiead of VVeathcrwax Creek is fonne<l 
by a bed of maBsive limestone containing Cambrian foesilB. This bed 
overUee the ahaly beda in which the bead-water valleys are all cut, and 
which are al»<o exposed on the slopes west of the summit at t!ie head 
of Sheep Creek. At the bead of Weatherwax Creek the main divide 
is cut down through this bed, but it appeam sonthward at the base of 
the liraesi one ledger wiiicli form th*' ilai 8,000 foot summit rising above 
the divide at the heatl of Collins Creek. Thei>e hifrlicr roi-lis are also 
seen in a knob on the ridge between Iviug aud tlarrison creeks, and 
in the main aummit northward, where the Oambrian limestone (Gallatin 
gronp) is aeen overlain by a few feet of greenish shale and then by red 
earthy shales, capped in turn by pinkish or bnff"-«:olorefl slialy Ifme 
Stones that overlie the lovvniasonry-ltke courses of black or dark-U'owu 
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limestone of tbe Houarob fonniitioii shotrn In PL XLII, A, The beds 

are from 3 to 5 feet thick, and eonsist of a distinctly granular liine^ttoue 
with a j»e«nliarly et4ihed snrffu-e, and often pitted by cavities where cal- 
cite gcodes ur coral masses bave weathered out. The section ironi the 
qnartxito of Sheep Creek to the base of the brown limestone aeries 
shows a thickness of 1,()00 feet of Cambrian strata. In the ridge north 
of King Creek the brown Monarch Hniostones are estimated to bo 140 
feet thick. The beds dip eastward at a low angle and are covered 
by dark-blue Bbaly IbaestMies wbieh eontain an abandanee of fiMsil 

rrninins tliaf .^liow in i-elief upon the hntrrolnrod wentlifrod surfaces of 
the rock. Th^o shuly limestones break readily iuto sbaly debris, and 
aie seldom mm in mastiTe exposaies. 

/jtmwtw roeft*.— The upper valleys of Middle Fork show many intm< 
sions of igneoux rork. 'J*lu»v ocrnr chiefly in the soft, easily ])enetrated 
Oambriau shales, more rarely iu the ahaly beds of higher horizous. 
Both dikes and sheeto ooonr, bnt the former are less oonnion and do 
not form ^> isnpoi taut afeatare of scenery and structttre as theslMetS> 
These intnultd sli(>fts are in mmc rpspocts; the most conspicnons rocks 
of the region, their resistance to erosion leaving them iu relief as ledges 
banding the moantain sides. Their debris piles are eonspicaona, and 
they are especiall}' noticeable as crescent- shaped benches on the spurs 
or lateral ridges seen silong the valley sides. The rocks are of two 
types — the rhyolite or trachyte- porphyries, the light colored rocks, form- 
ing the thicker, aaoie ooosplcuons Intmsions; and the dark*co1ored 
rorkfi. whicli arc mostly niiiipttps or closely allied rocks, and decom- 
pose readily, and though quite as common io ocMirreuoe as the former, 
are not recognizable at a distance, as they seldom Ibrm oonspicaons 
t'xjtosareB. 

The light^oolore<i rocks arc ffldspatliic porphyrlos of a pinkish tone 
on weathered surfacet*, or straw colored ou jQresh fracture. The tints 
are due to the bydrated iron oxides disseminated tlirongh tbe looiks 
and resulting fixtm the <le( a y < f some iron-bearing min^al. All of the 
rocks have been greatly altfitd, and in part mineralised, so that the 
contacts have been more or less prospected. The basic rocks have 
baked and altered the a^aoent shales; the Mdspathio porphyries have 
prndnccfl littlf if any altPiation of the rocks in cont.K't with them. 

The ridge previously mentioned, lying between King and Uarrison 
ereeks, is crowued by a mass of feldspar- porphyry, forming a sharp 
knob or summit. This porphyry is part of an intrusive sheet recognis- 
able also in the snmmit to the north. It is estimated to be 150 feet 
thick, aud as it lies npou the strata its lower surface, at least, con- 
forms to tliem in dipb It extends a mile or more eastward down the 
ridge. Therock is believed to be a remnant of an extensive intruded 
sheet uncovered by erosion, whieh exteinis far (h>wii the ridge to the 
east. It has produced almost no metamorphism of the uuderlyiug 
ahaly limestones, though a prospect pit at the contact shows a little 
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<m), and the under contact is more or leas mineralised. In the ontorop 

the rock is abattered and breaks into platy (l<'1)ris. It is lijjlit color«Ml, 
with a reddish tinge on weathered HurrHe«8, but of a iight-gray color 
when unaltered. The dense, compact groiuidmass is dotted with occsi- 
ikmal opaque white spots of ftl^par of Tarying aize np to one^half 
inch in diamptrr. witli n sprinkliii<; of small tl:t]-PH of ratbfr dull biotite- 
mica. The rock is altered, though less so than most of the igueonx rooks 
of the neighborhood, and is probably to be classed as a qnartz-syenite- 
porphyry (qnartz-mica-syenite), as noted in the ])etroKTaphic chapters. 

From the summit of" the ridge a comproht'iisive view is obtained of 
the ueighboriug couutiy. It is atouoe noticed that the benches and 
dark-colored debris pilea aeon on the spars or ridges betireea the Tari- 
ooa streams near by, alt occur at abont the same level. This suggested 
what siibseqneiit visits proved to be true — that a sinple slifpt of igneous 
rock forms all the exposures seen at the same horizon ; and aH the prin- 
cipal ezposnree are 1ower« both in elevation and in atratigraphic ae* 
fHUMico. tluui tlie .TonVrsoii limestones, the sheet forming them is intruded 
near the top of tiie Cambrian shales. This sheet is probably tho one 
encountered in the bottom of Harrison Creek north of the King Creek 
snmniit, at 1,3S0 ftet below tite top^ and 100 feet above tiie ftarka of King 
and WoathPFwnx cropks. At flip latter locality the sheet is estimated to 
be but 15 feet thick, but it forms a ledge traceable around the slope and 
np Hairiaon Greek. One hundred feet below this porphyry sheet an 
intmsiye sheet of minette cuts the shales, and at a still lower elevation 
another porphyry slieet 30 feet tbii k tonus low cliffs :i!"]i-si(lo of 
WeatberVrtix Creek, and as the valley deepens is seen in bold clitVs and 
benches on the spurs. The minette sheet at the month of King Greek 
is seen for 3 miles as a prominent ledge on the grassy open slopes north- 
east of the creek. It forms a little level at the moutVi of King Creek, 
where it is well exjiosed, and is seen to have produced considerable 
alteration of the shales and thinly bedded limestones in which it is 
intruded. The exposure is nearly horizontal, as th<' roursc of the v;il- 
ley is along the strike of the strata in whicii the sheet is intruded. 
This minette sheet was not followed beyond Harrison Creek, but it 
extsnds np that (»eek, and probably ooonraon the spur between it and 
Cleveland Creek. 

A dike was foiuid cutting the Sboly limestones at the head of King 
Greek, which ptubably also ents the i)orphyry forming the summit 
riortli of tiiat stream. It in seen cutting the shales on the steep slopes 
descending,' the channel of Harrison Creek, where it is 20 feet wide, has 
a dip to the west, and has baked and altered the shale for several feet 
from the contact. The trend is northeast, but aa the rock weathers 
readily it is not recognizable northward, where the ridges are capped 
with the CarVtonifernns limestones. The rock is altered to an olive or 
brown, sandy materia), but is readily identilied as a minette. It shows 
the peonliar warty snrftioe and variolitic stmctare on contaot sarfMMS 
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and also oo joiut (sUriukaget) planes noted in the Sheep Creek rocks. 
A oeoond dlk« of minette, «boiHn^ at the oontaefe the Tarlolttlo flaces 
noted in the sheets of Sheep Creek, 15 seen near the mouth of a tribu- 
tary of Harrison Creek 1h>1ow tbtuliko just noted. The treud is N. LHP 
£. The roukiiSaQaugite-minette. It does not at all resemble the other 
roinettee, aa it w a dense, veiy dark-gray, almost bbwk, vook, whose 
groaiidtimss glitters with retlectioiis from minute mioft scales. TheoDlj 
miiierMl recognizable hy the eye is brown biotitp. 

On the north side of UarriiH)n Creek the waah of the soft shale covers 
thesIo|ie^ so that the aDderljring rook in plaoe is seldom sem. A sbeet 
of rainetre forins abeiicli nno fo«»t aborothe creek, and 200 feet above this 
rock a 'io foot sheet of horubIende-pori)hyry is fonud whose position 
and petrographto character correspond to those of the sbeet fbond on 
King Creek. It is probably the northern extension of that dieet, thongli 
tlic ititerval between it and the miiiette slieet is 100 feet greater than 
at the mouth of King Creek. If this be true, it shows that the sheets 
▼ary somewhat in the horizon of intnislon at different localities, as 
would be expected in these »oft shales. The higher slojies nortk ol 
Harrison show the same intrusive sheet that is found capiplng the sum- 
mit between King and Harrison creeks. 

The vBlleif of the Middle Fork below Haniaon Greek braadeiis oot, 
and for several miles shows a beautiful open, meadow beuchland at the 
base of the densely wooded southern slopes. These slojies slmw no 
exposures, though the porphyry sheet already meutioued forms a recog- 
nisable bench and Uaok tains slope on all the spurs. Nie slopes nortt 

of the creek are scantilj' wooded or open, thin soiled, and show pood 
exposures. At the mouth of Uarrison Creek the stream cuts a sheet 
of greeuiab basic rock, too altered for absolute determination, bat 
probably minette. AtGlevelaud Creek, where » cattle ranch has been 
estabiisheil, there is a mass of basic rock intimately asso< iated with an 
iutrnsion of light-colored porphyry that forms a broad bench north of 
the creek and is exposed in odomnar cliflii extending down the stroftm 
for several miles. The porphyry is probably laccolithic in ftnn, fat 
the Cambrian beds north of the creek dip away from it at an angle of 
25°, though the summit escarpments on either side show the usual 
easterly dipping beds. The general easterly dip of the Devonian and 
Carboniferous limestones is not altered, as the ledcas may be seen ftr 
above the valley dippiiif; gently eastward. 

The rocks exposed at the mouth of Cleveland Creek are the lowest 
beds seen, as below here the prevailing easterly dip Just noted brings 
snccessively higher beds to the valley T>ott<^»m, Two intrusive sheets 
were noted in tiie shales east of here, the rocks belonging to the minette 
group. About 2 miles above the mouth of Lost Fork the uuissive 
limestones, which dip downstream at a low angle, reach the creek bot- 
tom, and the valley narrows and soon bwomes a deej) canyon. The 
olitfis and creek banks show unusually good exposures of the softer beds 
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of the sedimentary section. The brown Jefferson limeatouos are here 
■eeu to be overlaiD by shaly red limestouee, often spotted with green. 
Thei»e are overlniti hy the thinly bedde<l limestones (tarrying Carlinnif 
erous fossilii and forming the ba^ of a series of bedded lime»toueji whose 
diflk are often oraDge colored. From tboM expoeares eastward the 
creek canyon is «ut in Carboniferous be<l8, and no igneous roekH are 
seen nntil tlii> liri>ad basin of tbe Judith is rsaehed, in which the 
Hai>phu-e mines occur. 

Prospect Bidge is the broad block of linnstone between Yogo Creek 
and Middle Fork. While the block shows the genentl easterly dip 
alroarly notf'd, there is «nmi' local warpinp: nr buckling. The summit 
shows a gentle anticlinal arcii, ttie beds dipping at 3^ to 5'^ towiird the 
yalleys on either side. This inelinatiini is more marked opposite Yogo^ 
where it ainoiiiits to 10^. 
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OHAPTEB IT. 
BlSBCmPimi C(EOIX>OT OF THB TOGO DIOTBICT, BIQ 

BAUiX uoxrsTAnn, vour bdtte. Am tati<ob fbax. 

YOOO DISTRICT. 

The nioontainons tract incladod between Togo Creek on tbe aoath 
and Dry Wolf Oroek VaUey (Big Park) on the northwest is conven- 
iently (lescTil)tHl a.s the Yof^o district. It ir:( l-dc- -f\-f»r:!l :ir»vis w'^Te 
prospecting aud iniuiug operations liavc boeii luore or letis vigorously 
carried on at -varions periods in the past, the beet known being those 
of Togo i>K)i)er. the Togo sapphire Held, Lion Gulch, aiul Ruiining 
Wuir Creek. The last named is the on]y 0110 horn which ore has been 
shipped. The region thus delimited presents a loi' mure irregular sur- 
fitoe and a nHwe eomplez geologte Btnictnre than that w> fhr described* 
The hi;:)ieMt point, Yogo Peak, is the westernmost summit of a some- 
what iiTcj^uhir ridjro extending northeastward and forming the main 
water parting uf the district. A northern spur ot this ridge ends in 
Steamboat Monntain^pAS tSie smnndt between Dry Wolf and Banning 
Wolf oroeks is locally called. The main divide continued eastward 
ends in two separate elevations^ the northern of which is Woodhorst 
If onntafn ; the mnChem is, fhr lack of a namoi hm eaUad Sage Greek 
Hountaiii. A fourth detached mountain, lying between Sage and Togo 
creeks, is here e.'tlled Ricard Peak. 

Togo Peak and the ridge east of it are formed of a mass of igneous 
roek bre^ng throngb folded eedimentaiy rooks. Tlie outlying monn- 
tain masses mentioned above are laccoliths — that is, great blister like 
elevations of the strata lifted up by intrusions of igneons roeks. The 
igneous rocks determine, therefore, the mum icatures of the topography 
<^tbe region, as they do tlie gedogie Btmctnra. 

The ridge of which Togo Peak is tlie western end is formed of a 
continuous body of massive igneons rock extending from Yogo Peak to 
the eitstern foothills of Woodhnrst Mountain, a distance of 13 miles. 
This long and vdatlvely narrow bo^ of massive rock is an intntsien 
whirh fills an irrepniilar fracture in nptnrned sedimentary rocks. The 
western end of this fracture, at Yogo Peak, appears to be a chimney 
or core, the center of dislnrbaaoe at the time of igneons aettvify, from 
wbioh ilie dikes seen for many miles about seem to radiate, and which 
for a distance of 10 miles or more is encircled by intrusive sheets in 
the softer, more easily penetrated formations of the sedimentary series. 
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The mmn as a wholi^ shows an apparently continaons ninprle body of 
rock that presents a remarkable gradation of types at tiie western 
end of tiie frutafe. Owing to tbe impartanoe of the nuns uad the 
deductions derived from the study of ite VOt^ the Held ObaervatioiiB 
are given in oonsiderable detaiL 



Location. — ^Togo Peak is from many pointt of view the most oonspio- 
none elevation of the Little lielt Katige. Althoogh not snowcapped, 
it projects above the timlxT line, and its somber crown of craprs, fMvnitMl 
of maseive igoeoas rock, is in sharp contrast to the rounded suutuiiUi 
and level plateana adjaoent. (PL XLV II, ) It is sitnated 8 mflea east 
of NeihartaDd on tike high divide t>etween tbe waters of Belt Creek 



on the south are 3,000 ftet below the erage of the MKmntaia fmnnnitb 
It is remlily aciu>ssible, as a weU-travelcd traO, whieh is the nmte from 

Neiliart to .Inditb Basin, cronseH it« Bnmmtt. 

Character of rovkg. — The i)eak is composed of coarse-grained massive 
fooka, showing a prognsaive gradation ftt>m vefydarlc-oolored aagitie 
forms at tbe western contact to lighter-colored, more feldspathic, finer> 
grained rocks forming tbe eastern part of the peak. Tlicne rocks are 
fully described in tbe pctrograpbio chapters, so that only tbe more 
general fhets will be given here. 



A grassy depression or sag, which affords an easy descent for the 
trail to the bead of Yogo Greek, divides the summit of tbe peak into 
eastern and useetem parte. The western snmmf t has an irregolar sur- 
face, on which ruin-like masses and crags, with curiously shaped mono- 
liths and bowlders, rise abovp the small grassy plats lying bptwpini 
them. ^i'i. XLVil, Thu rock forming tiiese crags has a vt^ry 
nuMsive Jointing, ie exeeedingly tongh, and breaks with great diffloalty. 
On the western slope*; of tlie peak the rock disintegrates readily on 
weathering and forms a coarse sand, the rock being seen only iu little 
gullies washed in the slope. 

i^nkinite.— The rock appeers at first sight to consist principally of 
eoane biotite. It ia very eoarae *grained( and in tlie ezposwe ia so 
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and tbe Juditli Tfiver. and 
reaches an elevation of «i,(>:id 
ibet above tide watw. The 
adjacent streams have cut 
deeply through the horizon- 
tal sedimentary rocks, and 
the broad valley bottom of 
Dry Wolf Creek on the north 
and tbe placer bars of Yogo 
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loowly textnred that eood speotmena are ol»tehied with diiBeally. Thia 
tjpo is tlie most basic one fouixl, and lies iiearest the west contact. It 

consists of an^ite and biotih% which far exceofl the feldspar in anmunt. 
The glistening itrouzy jilates of biotite are the most conspicuous mia> 
ends, tluNiKli tbe angito is present io grtmter quantities. The rock also 
contains small iDiiSKcs of {:las-;y olivine. The feldspar is almost wholly 
ortboclase, and the rocic is a sbonkinite — tiiatis, a coarse-grained rock 
composed of aogite and biotite with a smaller amount of ortboclase. 

Upon the •nfflmit tlie rocks composing the crags and monoliths are 
dcnsiT in pmin than tho tj-pe just nntod. The exposnrea show, how- 
ever, a cou&idcrable variation in grain, tbe coarse and flue grained forms 
Mng mixed as if stirred together ▼hiie sttll i>asty. Tim denser neks 
form tbe exposed masses; the coarser varieties weather down and form 

the prassy interspaceB. All «:ra(iations may he found between very fine 
aud very coarse grained types. Tiie xirevsiiling roc^ seen in the massive 
exposnrea, though less ooane than that of the Western dope of the 
I)eak, is yet a coarse grained rock of a very dark- gray color. The dark- 
colored minerals are in excess, and the m k -rlistcns with the light 
reflected from the numerous plates ol biotite, und is dotted with rouud, 
rusly-brown spots. With the lens an abnndanee of small angltes are 
also seen in the feldspars. The feldspar i-< chiefly orthoclase. The 
ndcro.H(;opic study of thi.s rock shows that it ia also a typical sbonkinite, 
but contains less of tbe dark-colored minerals than the coarser-grained 
form nearer the contact 

7)i7.7.< cuttinn nhonkhiite, — The roeks of the western jiart of the snm- 
mit are cut by a number of tiny dikes which vary from a Iractiou of an 
Inch to several inohesinwidtb (fig. 73). Thedikerookisofnnifbrmcharw 
aoter,very light grajr or pink in oolor,and is recognizable as Hrruiuilarto 
tlie eye. Tlic liner grain of the rock causes it to weather in relief upon 
exposed surfaces. Tbe widest dike cutting tbe sbonkiuite is a ratber 
eoaise'grftined syenite, CMitaining inelnstona of the shmiklnite. Tbe 
smaller ok s are bnt little liner in grain. In one instance a li inohdike 
showed a well-marked darker eoloi ed, ninch denser contact band 1 mm. 
in width, but usually no su^^b contact band Is recognizable in the hand 
specimen. Dikes of a syeDite*poTphyr7 and of a dark*grerai aagite* 
minette probably l ut tliis rock, for tlieir di'-bris was found near the 
saddle separating the two summits, but tbe rocks could not be found 
in place. 

In crossing tbe summit eastward to the saddle the rocks show a 

gradual cban^ie in character, becomiu;,' li^iliter coloreil and more feld- 
epatbic, aud have a general mottled appearance. The weatheriug is less 
massive, and there is a tendency to break into thick slabs and reetan* 

gular blocks, which is u ell illustrated in the sharp little knob on tbe south 
side. just east of tlie trail. The rock is very clearly finer grained than 
tbe sbonkiuite, butis composed of the same minerals, though feldspathio 
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4Mni£tituont8 are more abundant, giving it a decided gray color, of a 
greenisli tint, on frtsh frat^nirp. As is >liown in the petroprmpliic 
descriptiuM, the l'eidi<par consists of nearly equal amoautsof ortboclase 
and plagioclase (oligocIue-uideBine). It is a topical moiuonito, and ia 
qnite olenvly seen to grade into the abookiiiito. 

The eaatorn snmmit of Togo Peak has a roandedlbrm audia ooTered 

by tbe platy dc-bris into wbtcb tbo rock weatbers. The tock maas Com- 
l>osing it and t1ie In'frli onstern sbouUler of tbe nioantam possesws a 
platy parting whit:b eausus it to split readily and to form piles of debris 
and talua slopes, above vhioh project the low and tuttob-jofnted expo- 
sures of tbe rock in place. Tbe joint blocks are abort, stout rbomboids 
or beavy ]>latos a foot or so lon^j. Tbt»v arc very bard and tonirh, ring 
soDOFOUsly under tiie hamniei, and ar«> broken xvitb dilliculty, tbe rock 
being nnaltered and fresh. Tfaeee characters prevail fbr the entire 
Yogo Peak mass. Ois a fresbly fractured siii face tlie roek appears 
evenly granular, of modcratel}' fine grain, and is compact in cbaracter 
and witb few iniarolitic cavities. Tbe color is a medium gray witb a 
Strong pinkish tone. Tbe rock is clearly .a fsldspathio one, and of sye* 
nite aspect. Examined witb tbe lens, it is seen to be chit^lly composed 
of lightroolored feldspar, dotted with small, dark, formless spots oi reen 
pyrmene or hornblende. The Took is very nnlike that of the types 
previously described, but tbe monzonite forms a transition phase 
betwwn I his rock and tbe sbonkinite. Xo aotual gradation of the nion- 
zonite into tbis syenite was observed in tbe Held, a gentle grassy sloiie 
seattered with black bowlders extending np to the base of tiio platy 
tains slide. Tbe ]>lates seen on tbe summit sbow partly rounded or 
B!ihan j?nlnr im-lusioiis of a coarser-grained angritir" rock, like tbo monzo- 
nite ai.'d siionkinite of tbe western summit ot tbe peak. Tbe rock is 
also oat by little dikelets, from an inch to several inches in width, of a 
ligb ter- colore t1, (iiier ^'rained, more feldspatbic syenite, re^'ardeil as an 
nplitic form of tbe rock. Tbis syenite continues eastward witbout 
cbangc in cbaracter, to tbe steep slopes tbat form tbe eiistern sboulder 
of the peak, there being an abrupt descent of GOO ftet to the broad and 
open parked snmrnitof tberidpe. Tliat tlie syenite extends to the sontli 
eru contact is shown iu tbo walls of tbe little ampbitboatcr cut in its 
■oatheast side, the eontaot with tbe sedinientary rooks being seen on 
tbe aboree of the lakelets at the bottom of thhi amphitheater. 

BAftntttsr SBOOUIBll. 

The platy debris covering the eastern shoulder of Togo Peak and 
tbe steep tsloi>e8 tbat deflne it flrom tbe broad and wooded snaunit of 
tlie ridge to tbe east, sbows a very gradual cbange in the api^earance 
of tlie syenite, from tbe evenly granular rock of tbe peak lu a decid^y 
porpbyritic tarm ooostitating the tains of the eastern slope. The latter 
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naybenigiiidAdMatnuisition form to the lighter-oolorad, mom Md* 
epatliic syetiite iiorpliyrv wliicli is seen immediately east of the pesik. 
The rock stiU has a granalar character, aud coutaiuti Borne hornblende 
and aa^te, bnt its diatiiiotive ftatare is the prasenee of large square 
feldspar crystals. These resist weathering better than, the ground- 
mass and stand out in relief upon the rock snrface, giving it a >^)i^lit 
resemblance to a conglomerate. Where the rock has weathered down, 
these feldapara form a sandy gravel. This look oontains mierosoopto 
quart/ gvn'm^ nnd nuijlie classed as an amphibole'graaite-porphyiy or 
a qoartz-syeoite. 

sue MOOS flUXHIT. 

The slightly accidented surface ot the ridge, designated Elk liidge, 
which extends eastward from Togo Peak to the eUflSi at the head of 
Lion and Elk gulches shows few exposures. A sharp point rises above 
the general level at the north edge of the summit. The slopes of this 
eminence consist of platy brown debris, while its top shows massive 
exposures of the rook. Several varieties oocar bere^ presenting grada- 
tions similar to tliose noted at Yojo Peak. The prevailing form is a 
monzouite associated with a lighter-colored granite syenite. Both these 
rocks are cut by a dike of dark basic rookf mnning toward Togo Peak, 
but having a dip of 50° NW. This dike vock shows porjlAyiitlo crystals 
of angite and olivine in a dense black groundmass, and Is foniid to be 
an uugite-minette. In the transverse ridge or summit, crossing the 
ridge near the head of lion Creek, the rooks are again well exposed. 
They are no longer porphyritic, but are coarse and even grained sye* 
nite, rather dark in eolor, wliich grades into shonkinite in the esenrp- 
ments on either side, the rocks being contact forms of the mass. Tlie 
shonkinite also fbnns a narrow, dike-likeinass whidk extends eastward 
and makes the divide between I. ion Onlch and tiie waters of Togo 
Creek. A ooutaot form of this rock is au augite-ntinette. 

Mxas ooKncnMo tooo amd woodhcbst srocn. 

At the locality last noted, which lies nearly north of the Togo settle- 

nii'iit. the iiilni>iMn is tio lotiufi ii wide om', Itnf Rplits up into tliree 
narrow, dike like musses, only one of which continues eastward and 
expands into the broad masses seen at Sheep Mountain and in the 
chain of hills north of Bear Park and Sage Creek. This intmrion is 
but a few yards wide where it rrosse'i tlic sadillc T)a('k of Setioppe 
Mooutaiu, wlieuce it runs diagonally across the basin ot iSkuuk (Jr<^k, 
where it is not over 200 yards wide, and is seen catting the limestones 
in the walla of Sheep Mountain. In the saddle between Sheep and 
Bandbox mountains a similar <like like mass runs transversely across 
the ridge, aud shows a mass of shonkinite, flanked by porphyry on the 
north, the contact being abrupt and without gradation. The relations 
of this mass to the main intniaion were not determined. 
20 080L, PT 3 ^21 
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STRTTCTIRAL RELATIONS. 

The intrnsiofi is a stock or iiitrusivp mnss thnt ownpiPN an irregular 
fracture in ttie sodimeutary rocks and has an abrui)t, uearly vertical, 
eontaot. This is olearly shown at a nmnber of looaJltieB where tbe 
contact is well cxjiostMl, llioutrli in general the actual plane of contact 
is hidden by d<-bri8 or soil and is not seen. It is well exposed on the 
borders of the ponds seen in the floor of the simphitheater cut into the 
northeast side of Yngo Peak and also in similar amphitheaters soath* 
west of the peak, u-liero the jilnric of rnntact is vertiral. TTpon tlio west 
aud southern gides of Yogo Peak the strata are locally uudisturbed by 
the inlmsion, but elsewhere the sedimeDtacy roeks nuuntsio the same 
general attitiuie as those of the snnonnding oiidisturbed parts of the 
run^e. Tims, upon the nortlici n spurs of Yo«ro Peak the limestones are 
tilted, the dip being 10^ S. toward Yoro Peak, as seeu in the photo- 
graphs reproduced on PI. XLVII, B. The beds make benched slopes 
with steep clifla and level benches sloping gently inward toward the 
peak. Till' Vit'<ls hero e^poKrd can be traced continaonsly enstwanl in 
l»ersistent dills and ledges, gnulually running down the slopes below 
wfuttm Lion Greek, where the beds wbioh form the cieek bottom are 
the sariif as those ^et^ii lii^li upon tlie northern shoiiltler of Yo;,'o Peak. 
West of Yogo i'eak tiio ridge connecting the peak with the western 
sauimits shows slightly tilted limestones, but at the base of the peak, at 
the immediate contact with the massive rooks, the strata are steeply 
upturned. These beds and those sfpti south of the peak appear to be 
broken and uptilted blocks produced by a puuchitig up of the mastdve 
rook in opening its condnit. The roeks are so highly altered that it was 
imposaible to determine their ago. These upturned sedimentary rtx k.s 
are well exposed on the soath side of the jM-ak, and on the spur which 
runs down into Yogo Creek that is traversed by the trail. The beds dip 
away tnm tbe intmston, the angle of dip being 60° to 65° aonth of the 
east«trn summit of Yogo Peak. The lateral spurs extending south from 
the peak toward Yo^'o r'reek h!iow enunpled and warped beds, which, 
however, pass gradually into less-disturbed strata iu a very short 
distance firom the oontact. These disturbed beds appear to be abmptly 
uptilted by tlie intrusion. If is not a laecolithic uplift, and for the 
most part the uptilted strata arc fruetureil and uplifted blocks — the 
biokeu-off ends of the bed^ through which the intrnsioa has ooonnred. 

OOHTACT METAMOurius^i. 

The sedinientary roeks are highly altered at ami near the contact 
with the igneous rocks. This alteration is greatest, of coarse, near the 
eontact> and beeomes lees and less marked as the distance from it 

iocreases. In do case is it intense, and the zone of noticeable meta- 
morphisni is rarely over a few hundred yards wide and generally only 
a lew yaids across. Where the mutamurphism is most marked the 
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purer UmestoiMMi Itorm eoar«<e1y granular marbles. The leBs^pnre 1ima> 

stones are aggregates of cali;itef garnet, epidote, and other character^ 
\nic contiu t minerals. Farther aw!»y the hoat of the iutrusiou has 
produced an induration of the beds and developed joints aud stratus iu 
the rook, whioh cause it to break into ttoe sngalar d^bria on weather- 
ing. This oonta(;t metauiorphism is most marked about Togo Peak, 
aud eastward as far as Liou Creek aud Shcc]* Monntairi. It is much 
less east of tbe places where the intru»iou is u itoiphyry aud not a 
ooanMljr giaaular rock. In general, it haa been found that the mofo 
basic tlie rock the 'xrcntov is the ofTert of contact metninorphism. 

The altered rocks are mostly somewhat loosely textured and rxystal- 
fine, 80 that lAey weather more readily than either the massive igueona 
rock or the unaltered sedimentary oues. Tlie prominence of the igneoos 
rook, fortiiiiig as it does sq high a peak and mountain ridge, is prob- 
ably largely due to this fact. The slopes of iogo Peak rise steeply 
on all aides abo^e the wmonading area of aedimentmy rocln. SVom 
Togo Peak eastward to lion Greek aud a little beyond, the igneous 
area has a relatively flat stimmit. bordpred by cliffs of uiassive rock 
that rise as au escarpmeut above the contact zone of altered sediments. 
IThis atoep slope of Togo Peak and tiiis esoarpment are no don1»t doe 
in part to the resistant characters of the syenite, but more directly, 
perhaps, to the nature of the altered sediments, whose coarsely crys- 
talline texture fields readily to tbe processes of weatliering, crumbling, 
and disintegrating. This material is removed rapidly by wind and 
water, 80 as to leave the igncotis rock in relief, and the rlifts seen are 
probably the denuded aud exposed contact planes of tbe intrusion. 
This contact cone is often marked by seams and flssores of iron-stained 
or olayey material and by ore deposits. These ore deposits have been 
prospected at frequent intervals, and for uian v miles tbe contact can be 
traced by them. Itich specimeus of ore have been found, bat thus far 
no prodnctlve ore bodies have fment disoovered. At most of tbe looali- 
ties about the contact the altered rocks were originally limeetones, bat 
in the branches of Wolf Creek, west of Liou Gulch, there is a lar^re 
amount of debris derived from the eruptive uoutact. This debris oon- 
■ista of homstane and adinol^-die dense nxte produced by the baking 
and altovation of tbe Cambrian shales. 

aWOW OP B1TCIB0LI1TO SBBBTS ABOCFT TBS TOGO 8TOOK. 

Togo Peak is the center from which a great number of sheets of 
igneous rock were intruded into the sedimentary toeks of tbe range. 
These sheets, wldch by denudation are now ex|>osed, encircle the jx-ak 
for a radius of at least 10 miles, aud form conspicooas element ut the 
aeenery and mountain structure, while if tlm laoooliths be regarded 
as enonnonsly thickened sheets, the highest and largest monntains of 
the ran^e are formed by them. The sheets nwur chiefly in the soft 
and easily intruded Cambrian shales, where they are very abundaut, 
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bat th«y are also fouud »t bigher sbaly horiaona which are easily 

iutruded. 

Tlicse sheets are f«>rined of varions rocks wliic-h evliiliif ft consider- 
able diversity of texture aud of niiueral cuiux>o8itiou, but may be 
groaped as traebyCio or rbyolitio rooks, and as lampraptayreB or basic 
rocks, chiefly iiiinettcs. The former are tlio coniiiion pori>hyrie8 of the 
region. They are hard rocks, wbicli resist weatlieriiig better than the 
soft fihaly rocks iu which they are iutruded. They form escarpmcuts 
or moantain slopes and spars, very olt(m fronting benches determined 
by tlu' ocr'niTciit'o of the sheot, nnd having hroad tains sltipes at the 
baiie. These sheets form the most promiueot feature of the couutiy 
abont the head waters of Belt Greek, the Middle Fork of the Judith, 
and Sheep Creek, and their oc^>,urrence is described ia the detailed 
ilfiscription gi\ t n 1' tlicse localities. TIio basic sheets are probably 
quite as numerous as iLohu of the acidic rOck ; but they weather readily, 
geaeraily forming a slightly ooberent brown sand, and are therefore 
seldom recognizable on the mountain upars and alopei$; thus those 
which have been mapped and visited piobalily reprt-spitt btit a small 
part of the total number. These sheets generally produce considerable 
metamorphism of the rocks near their contact. The two daraes of 
rocks forming tlie intrusive sheets exhibit various gradations, but nmy 
be classed as porphyries and us luinette and atjalcitc liasalt. They rop- 
re^ut lu another form the same rock magma which at Yogo Peak lias 
consolidated as shonkinite and syenite. In the sheets the raind cooling 
of the thinner iik' ; ■ I n = resulted in difTorent texture and s^omewhat 
dtflerent miueral cum^Misitioit. pet ru^raphic features of these rocks 
are giTsn In detail in the nceoiiipanying pai>er by Profiesflor Plrsaon, but 
attention may here be called to their leading ciiaractcristica. 

^^ llile the comiecrion of the various intrusive ^lieets observed iu the 
rauge tor many miles about Yogo l^eak can not be directly established| 
thera is strong cTidcnoc of it. Snch sheets are abradant in tiic spnrs 
of Yogo Peak and vicinity, and on tii6 north sidc of the ridge they 
can be traced to within short distanees of tbf innHsive rock. Though 
the actual physical connection was in no case established, there seems 
no reason to doubt their origin from that center. 

The lateral spurs of Yogo Peak contain at least three intrusive sheets 
in the upper part of tlie mountain slopes, showitjg as columnar dill's 
where deeply trcndied by streams, and forming pronounced benches 
indenting the crests of tiie spurs, with dark talus slides. The west 
Willi nf the second gulch southwest of I, inn presents cliffs of well bedded 
whiti' lintestoues dipping 10° SE.f while the opposite eusteiu walls 
of Uiu gulch show the brown Monarch limestones at the base of 
the blufl', capi>ed by an intrusive sheet which forms the top of leaser 
ridges, but on the higher ones is overlain by tho wliito Carbouifemns 
limestones. This same sheet is continued eastward, and may be seen iu 
Lion Gulch, near the GoM Dost mine. It is a much altered syenite* 
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porpbyry. In the lower dopes eeveral sbeeU are teen cnttinfr the Oam- 
brian ahales, aud as tliese occur at tbe mu\o liorizoiiH and t«h<)w the 
same intervals between them, and connist <if the anine rocks, as those 
found in tbe spur of Big Baldy Mounuim uui ih of Big Park, it is evi- 
dent tb^ once extended aoroee tbe valley. 

Wo-if of Yop-n Penk the ridifi' cnimfctin': it witlithe main diviili- of 
tbe range i» hirgt'ly covered by the debris of an intrusive sheet of por- 
phyry. The uodei'lying rocks have a gentle dip. The Oanibriau shales 
and shaly limeatonee are here, tm elsewhere about Yogo Peak^ intruded 
by sliocts of porphyry, sliouin;; as banding the 8loi>e9 nntl :i8 

«ap8 to the buttes which rise above the general Buuunits. lu the 
vptorned strata seen at the contact with the main stock, three sh«*eta» 
each from 5 to lO feet thick, are intmded in the limestone.^. Tbe rooks 
are very <rreatly alti-red. but are recognizable as fmo ;,'riiiiic'(l syenites or 
Bjenite-iwrpijyries. A nheet lUO feet thick, fornung the aiuphithvater 
wftUe soathwest of the peak, appears to be oontinnoiis with tbe sheet 
seen on the ridge to the west running across the ridge to the head of 
Wolf Creek. The rock is a syenite ]ire<'i*ic1y like that noted at the 
Bhatt house ou the west contact of Yogo Teak. , 

South of the peak the open limestone snmmit at the head of Yogo 
Creek shows the usual proj^pcrt jn'ts fotriid in tlic rontart 7on«\ Two 
intrusive sheets that occur here iu the upturned liniestoue are slightly 
ibnited. The spur leading down into Yogo Creek from the Isist-named 
locality shows upturned strata in which two intrusive sheets were seen. 
To tlie t'a.st till* lafi'ial spurs of Yogo Peak sliow intrnsive sheets 
whose darker Aveathering ia iu strong contrast to the white limestones. 
In the spnr west of the Yogo settlement an isolated remnant of a sheet 
ftrms a tiu-ret, capping' white lime()toues,and capped in turn by a smaller 
mass of white marble. The thickly bedded limestones of the ('arboii- 
iferous do not split apart readily aloug their bedding planes, aud it is 
lave to And intmsive sheets in these rooln. This probably aoeonnts 
for the general observance of intrnsive sheets iu the rouks ai\iacent to 
the eastern extension of the Yogo I*eak core. The shoi^ts of Wolf Greek 
Park (Big Park) are described under that headiug (p. Ml). 

PBIKOINa SI££S. 

Oenerat relntmna. — The dikes which rut the sedimentisrv r u V: ^ fnr a 
radius of 12 miles about Yogo Peak are believed to have their origin iu 
tfaAtloens of igneous activity, as in general they radiate tnm Yogo Peak 
an a center. They vary greatly in appearance and also In oiincral ( om- 
position. bnt are nearly all basic rocks, trachytic or rhyolitir rocks being 
very rare iu this group of dikes. They are generally dark colored, and 
when intmded in limestones or light (Udspnlliic syenitic rooks are quite 
conspicuous. More commonly, however, 'they jrield readily to weather- 
ing and are l)are1y recognizable even close at hand. Tlio rntnette 
dikes of iSlieeu Creek aud of King and Uarrisou creeks have already 
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beeu described. The graQitti-porpbyr^"^ of Big Baldy Mouutaiu is oat 
by analcite-basalts, whicb are seeu on the sntnmit aud ore prominent In 
the Hmpliitbeater walls. The shales and intruded sheeta »t the bane of 
this iiimmtain areottt by two dikes of niirtr-tti' Atinfhfr proMp is soon 
exposed ou the sadille at the bead of Katniiug Wolf Creek, lu the valley 
of that creek, on spars of Steamboat Monntaln, and on the ridge soath 
of the creek. It is probable that but a small part of tlie total nuni> 
Ix'i- have been soon in mapiiin;: tho ^roolo-jy. Tliese dikes cut sheets 
or feldeipatbic porphyry at a number of x'bices, and hence are certainly 
later. Thej are foand maeb fbrther flrom tbe eeoter tban the addle 
gbeeta, but no fai ther than sheets of similar basic rooks. The most 
interesting of these dikes are proltahly rlioso of Bandbox Moontain aud 
tbe dike from which the Yogo Kajipbiret» ate obtained. 

BaimUtox ifouHtain dikm, — ^Bandbox Moontaitt is the name iriven to 
a tlat-t(>[']>< (l olevation who-se encircling clifl's and ginlle of limestouee 
have doubtless suggested the name. Tbe mountain consists of gently 
tilted Carbonifimrous lliuestoue, of which good exposures occur lu the 
•Qmmit olifb. The rocks are shaly, thin-bedded or flaggy, dark-gray 
lime-stotios, and carry abundant fossils of Carboniferous types. The 
summit of tbe mountain is smooth, open, aud grassy, and conforms in 
shape to tbe bedding planes of tbe limestone, dipping N. 13°, mag* 
netic The massive bed of limestone covering the summit is eraeked 
by reticulated fisstiros into rhomboidnl areas, several huTulrod feet on 
a side. The<»e fissures are very prominent, as their course is marked 
by a rich and laznriant growUi grass aud flowers, in stoong eon* 
trast to the scanty eovering of tlie limestones. The Assures are filled 
by a soft, olive-colofsd or greenish material that is a decomposed dike 
xock. 

The dikes are commonly 1 to 3 feet wide, but the largest, which 

trends directly toward Yogo Peak, is betuecti 0 and 10 foot wide. 
The decom]X)so(l dike roek commimly shows nntnerous mica plates, 
which lie in planes parallel to the sides of the dikes, giving the rock a 
flaky, fissile structure that is made prominent by weathering. The 
fresh nratorial of one dike shows hirge, red nlivinos. These rooks 
are augito-uiuettes (or analcitc-basalts), whose characters are fully 
described in tbe petrographic chapters. Tbey weather pecoliarly. as 
tbe micas alter to softy green cbbwitie masses, whicb dot the rock wltii 
pironiiuent RiK»ts. 

Vikett o/ Kureka divide. — The low saddle between Jiaudbox Mountain 
and Steamboat Mountain also shows an interesting group of dikes. 
The KCiliuientary rocks seen on the di\ide above the Eureka mine are 
Carboniferous, belonging near tlio baso of the Madison formation and 
containing an abundance of siiicitiexl fossil shells which weather in 
relief. These rocks am oat by a nnmber of dikee^twelve wei«eoanted*>' 
nearly parallel and trending directly toward Yogo Peak. The dike 
rock is seen in all stages of alteration to a soft, olive-colored clay, and 
has been very generally prusp^ted for ore deposits. The dikes vary 
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from a few feet to a tew yards iu width. Tliey are generally uniiettes, 
but indnde also » dlk« of analoite-bgualt} similar iu ohwaeter to tiiat 
entting tbe smnmit of Bradboz M onntaiiit 

WOODHUBST 8TOOK. 

In Sheep Moatit^iiu and t ustwHrd to Woodliurst Mouutaiii tlie intra- 
siou oonmatsof a syenitic {H)i pliyry, and is no longer ft coarsely grannlar 
roelc. The general cbaracteriatics are the same, and the rock itt to the 
eye the samn iti tpxtnrp and composition throughont, though varying 
slightly in color. Under the miuru«uope it is 8e«u to present slight 
TiriatioiiB, but Ib tiuroughont a Byenitenliorite-porpbyry, whicb paawift 
into a rhyolito-porphyry at the extreme northeast coutttct. The took 
is a general type common to the lactrilithic masses of the range, and 
presents none of the remarkable variations m texture and comi)ositioa 
«een fiirtfaer east. It forms in rather massive exposures, but npon 
weathering the blocks break into platy d<'l»i is. wliidi ficfiuciiMy cnvers 
the exposures. On iSheep Mouutaiu the igneous i-ock extends from a 
low saddle to a knob to the north^ and also forms an eastcru spar 
whose wooded slopes extend down to Bear Park. The intrusion oou" 
tiiines in thr rnn^e of wonded summits nortii of BearPark, extend* 
iug as far as VVoodhurst Mountain. 

5lm«lKnil9w{A(ioiM of IFoo^Aarfi ftocft. — ^In the vicinity of the settle- 
ment of Togo, as in Lion Gulch, the general stmotnre of the sedi- 
mentary Mtratn, dtie to the uplift of thp range, as a whole is not 
disturbed; but east of here, iu Bear Park and ou liuuniug Wolf Creek, 
local foldings dne to laooolithie introsions are noticed. It is, how- 
ever, evident that the intrusive stock is not of this nature. East of 
Sheep Mountain »ncees«ively higher horizons are cut, and in Bear 
Park, and again on the east footslopes of Woodbarst Mountain the 
OarbonifSazons shale (Quadrant formation) is ent by the igneons rock. 
At Woodhurst Mountain lln' i-Ikuiik'I of Willow Crfok is cat aloiii; tlie 
eastern contact until the open country is reached. The contact at 
Woodhurst is chiefly with the massively bedded Oarboniferous, but on 
the west fttoe of the moan tain a' sharp aptnraing of the beds, as if a 
block of strnta were liinfr^'l aTid lifted up, exi)08ed what npjwir to be 
Cambrian iinic'^roiies, though too siltered for a positivo ideutilication. 
The beds d i i i ly from the porphyry at 40o to liQo, and on the sonth 
side tiiassive Carboniferoos limestones dip away from the mountain 
at Tlii'se (lips Hre opposeil t'» thosp of tho adjacpnt rci^ioii-^ and 
the general mountain folding, and can be exphiined only by supxxisiug 
a Iseoolithie nplifting at the plaoe. The northern or northwestern 
edge of the jwrpliyry mass shows gently dipping beds of Carboniferous 
limestone, tlie inclination l)eing about "iP. It is evidMit that there 
must be a fault along the course of the creek. The contact is not 
regular, bat breaks tbrongh diiferent beds. The rook fimnd in the 
eastern hill is platy, the edge being parallel to the slopes of the hill, • 
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TOGO CBSBK TALLBT. 

Yttgo Gfedi bas cat a deep and narrow vallay, vhoae nmtliank dopes 

are BO lieavily tiinborpd thnt few pxposnif s are 8eeu,\vliilp the slopps to 
tho north show good expoburcji of the bedded rooks. To the south of the 
Yogo settletneiit tha steep walls of Prospect Ridgo rise nearly 2,0(K> 
feet above tbe creek. Neiir the top the Carbooiftrons ItmeBtones are 
seen to dip gently toward Vogo, thoiiijli the li'd^rcs {rri'dually descend 
the mouiitaiu slopes eastward. In Schoppe Mouutaiu and Sheep Mouu- 
taaUf tlie two knobs that cap tbe lateral spars of tbe main ridge north 
of the settlement, thu slopes hIso show northward dipping beds, and at 
the mouth of Bear ("ref k this is the direction of the diji. A mik> north 
of Yogo, however, this dip is reversed and thestratitare inciined soath- 
ward. The oreek has cnt thiongk the limestones and exposes Oambrian 
shales from the month of £lk Qnlcb to Bear Creek. Above them the 
rocks are well exposed iu the h1o|m>s north of the creek. Two sections 
were measured. The first, made during a snowstorm, may give slightly 
inaoonrate thlckneeses, as the aneroid oonld not be depended opon and 
the pocket level was useless. This section shows tbe su* l essioii of tlie 
beds observed iu the 8loi>es of Sheep Mountain immediately north of 
the towu. The secoud section given was made on the spur between 
Bear and Yogo oreeks. The Sheep Mountain seetion is given below, 
Tha beds dip at ItP ap Skank Oreek— <liat iSj into Sheep Honntain. 

AwttM of Mt «rp9Mi HHtrth of Toffp. 
Porphyry sheet: yofU 

Thinly bediled, manflively wiMtlicrin',', Lcrrty liiiit'«(une 2S0 

hitnestone, fonuiug clifTa 80 

Impure, bnff Umastone, forming tbi«« iMuidn, sepeMted Uy 80 to SB ft«ft of 

thinly bedded, dark-gniy l)ineoton« IU 

Massively IhmJiIimI wliit<' liiiu'stonc, woMlberiii;^ with ]iri-'iM;it)i' Jollltblligr 

breaking into spUntory fragmuuto, and carrying »mall cberto 95 

LlBMotoDM, in twda ( to 8 ftei thialc, dkrk gtij, mad eontalDinir fbtoil* which 

weather in relief on fareB of shaly rocks 400 

Limestones, thinly bedded, impore and shaly : gT(\y colored on freMti Irae- 

tare, with r<<ddi«b Itiiff sod IsTcador tonM on wwUMrpd ftagmoiita. 

Nomwona fowU* IflO 

Ko «zpomra; porpiiTty alieflt at 8,900 ftct above ww level 100 

Limestone; gray ;in(1 light f^ay, dense, notcrystallini'. lu-cls ol Ih^hr liniwn 

weathering huff, altematilig with gray. weathering l>pds. 1 he nppernioat 

7Oft0lls]noti»hly Oarbonlteona.... 100 

TSt9vxf9tim 15 

Blsek liiDeetone oontaiuiug calritegeodee. 80 

Dlar^ i iriu'^tooM. FonN biHO Of Joffutoii liiDMtotio aorioo 80 

No exposure. 

Togollneston* 10 

Jtty Creek shnle : 

Shales; mioaccuus, graou and olive colored; of Cambrian aspect. 
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Srcfton at mouth of Hear Creek, Yogo Oulch. 
Gaatle liniestotie: WnH, 
LiiiMs(on«a>i bMv/ bad* at whit«, aliu«at «tTa«tiiMi««» rook, in wbiAh tiM 
■bkrp limMtone caayom and fcn t u m'uy« of tho oreek nte ent. It fa tliis bed 

Mattaive whius iimci«tout*, uudorlaitt by a br«cclat««l rovk carrying dark- 
brown, chert.T lunwtODMinftagmentH G to 10 fcot »croa«. The rack skowB 
Kli8t«^ning grains rMenbliog Mnd, and paMM dowowMtl into • 4Mrk- 

j^ray rock . 900 

Wowlkiirat liiiicHtMiie : 

BnttroM limvstou^ n eathonng jellovr, generally gray on fhwh fowitare, 
cmjlng M»nty fbMll iuimIim, ineliidiiiK eriaoMt, conli, and tplrlfen. 
The rock fi>riuH l»ol«l biittrwi***, but LaBshntt<Ti fl t^:\ wfathrHii'^ ttito •-•mall 
frsiguents 1.* to 3 inches across 100 

LimMtooft; datk gt»y, with oi^ttnlllno ftagoMiitt of orinold* and other 
imih 300 

Ljmwtono, In BMwtve Imb st bnw, oApped bylwB doom hnymot Iln««Con« 

rJpDYr-. The rimk is a graj', iiiaH<ii\-f> limestone, bnt it-* i Iinr:i< ti i varies nt 
lUfferent partx of the .Hami< horizon, snU is ofleu jrellnwiHli an«liii*roiiipo*ed. 

The npper part Tonu s ^tbarp pinuacleo riling Above th* alopM. . . ..^ 125 

LimMtone, thin ty bedded, voiy fiwilo 100 

LhnMtone, ^ray and aberty, oe«arring in 2 and 3 fbet b«d* 8 ' 

Thinly 1i«mM<v1 Himstdno'-, striped with wavy bnlJini; lines and carrying 
chert Ieu!«o« parallel tu the bedding. The ruok is darkish gray and obaagea 
to a llg'lilaiHiolorBd, mors flaggy linaatoM 15 Ibat aboTo tho baao. Dipa 

ttt30~ into thehiU»id« 75 

Thinly hedded liiuostonea, darkish-gray color, rather platy, and show abun- 
dant ('arbonifc-rons fossils i& 

Cliff limcotona^ oftan broken into bnttrvaaea; beavily bedded with rongh gat- 

tarad •nrflwaa; dark gray In aolor and In qalta proBdnaBi layaia S0 

P.ii kiMh-gniy, thinly t<oi!'lerl Iiiiie«tone, cherty, ami < ,iri \ iiii; al'iiixlaut 
loet>ils. This bod and tlie outs itboTe are seen in castellated in.iHses at tht« 
month of a small easterly branch ot Baar Ciaok, Hm atnaiB dialntDf the 

aapbitbeatarol Rioaid Honntaia.... 45 

Paioe abale: 

Limestone, gray, Md, and poipla, ntiMraiaMlTa, aadbnaking totoaagn- 

lard<<bris (iO 

Fossiliferous gray limestone, prolinbly argillaceone 1 

Bhaly limestone, like that bulnw, currying aliandant fowuhi 7ft 

Limestone, light brown, earthy colored, granular; without fossils 1 

TbreefurlvH hhuli' : 

^&iy limestone, vrith reddish color, carrying fragments of small orinoida 

and MaembUng the Davoataa lioiiio«.***.. .* 16 

No cxpnmn , Tuit d<brtaof Ught-broirn llnaatoaa. 

Jedeiauu liuioKkiiiu : 

Limestone, ti;;ht brownish-gray in color, weathering pink ; probably part of 
tb« bed bolow. Tha rook i« a gran alar oryataUina ooo that occurs lo 

daggy badi 30 

Limestone, dnrk r<ilnro<1, ^rrannlar, shfiwin^' light markings a ]i:ilf inch 
lung that look like neriitchea on the rovk aud. itppoar to b« chai ;4i:tiii i.itic of 

tha formation SO 

Llmaatono, dove oolomd, not oryataUina« bteaking into amall ftagawota, 

Noftaaailaaaea 3 

Black limoHtone, fm ruiiiL^ cliiT :il ril;:(t of hi nrh 25 

Light, aarthy-eolurcd, fissile linifHtouu, more argillaceous than that below . . 2 
Baitliy-Mkived limaatoua, btokaa down Into alope 10 
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JefiTcnon limestone — Ccintlnimd. Tf*t, 
Ledge of uiasBiveliiiieiitoDo, showing qait'C fine statiflcation Hues. Thorock 
doea not braak rMdily along theie linea of «tariitlti«atlon, bat baa a JotoW 

Inj^wbiobiaatangleatotbte 96 

Limestone, Vifiht earthy color, Uotch<rd with pink; clearly a purt of the 
liMlge lielow S 



Hl.K k Iril;^, everywhere prominent. The limestoue is cryBtallinc, granular, 
aod lu the exposan is a glisteniQg rook of very dark brown or black color, 
forming a perafttont ledge that to readily rei.ogii liable. TlM TOflk faM a 



r'.'tui o>ii>rupi>n roucu^si.m, and the lowarteibatoftlMledgeiaiMftblMk 

but an carthy-browD, rottea limeatooe tt 

TogaliniMtaiie: 

Light earthy-brown Iiine«toun, occurring In l>ed« that l»r«nk remlily into 

Mplintcry fragmouta 2 to 8 inches acrosa 60 

shitiy limoHtonoof liglit flarthj-browD Odor; Mally partof bad aboTO...... ft 

I^ry Creak abale: 

LimMiotte, qalta ahalr. ladidlsb In eolor, and weathacing readily into md 

cartli<^. It is really •laminated calaateonadiala Sft 

Pilgrim liriiostoue : 

Limestone, thinly bedded, but not shaly 2ft 

LinieAtone, qaita fiwUe, braakingintopiaieel. (o2 iDoJMatbiok,aod formiag 
lodge near enMtk J 

1 .! llU'^tOllr-. COIl^^lnlllLT lll'i-, filTlllS ImVc '^t, ledui- CXimso'l 11) 

l^aminated calcareotm ahalcs, occurring at the uiouth of Bear Creek, where 
ibay are Iwakaa fbroiigb by an IntraelT* abeat of mtoatte ft 



Bheep Mountain^ — Sheep Mouutain in the rninmit of a Bpnr of tbe 
main ridge lying between Bear Park and Skunk Crrck. Tlie mouutiiiu 
is a synclinal fold, cut by a dike-like exteuaioD of the Yogo stock. The 
stxiatA At Togo dip north, vhlleattlieiiortfaeraMiiiiiDltoffbemoQDta^ 
tbedip is south. AMCtion of the sedimentaiy zoeks lias just been 
given. Tti tlio dikes seen cutting tlie west face of Sheep Mountain the 
contact iH vertical and in nearly undisturbed limestone, while the east- 
ern feoe of the same moniktaiik shows that the oontaot is iDolined and 
the igneous rock extends under the setlimentaries. The spur extending 
east to Bear Park shows ])orpliyry flanked on the north by limestones 
dipping down the fork of Kunuing VV'ulf Creuk. The southern summit 
shows giMsy slopes on top, with wooden spiurs below, on which the 
poridiyiy (l('!)ris and talus are seen f \-toirditig down to Bear Creek, 

Tliis spur is surmounted by a knob formed of the platy d«''bris of the 
porphyry, the contact being seen in the little saddle west of the knob, 
where the contact line is, as usual, prospected, and the pits show 2^ to 
3 feet of [ f rnlar iron ore between the crystalline limestones and the 
porphyry. The beds beyondthiscoutactaredark-grayand bluish, thinly 
bedded limestones, showing the effects of the heat from the igneous 
injections in a markedly crystalline textore. These rocks arc succeeded 
l)v very fissile, dark liluo limestotirs, dti^pinp: down the spur. Tlie top 
of the mountain, which is the northern summit of iSheep Moujitain, i.s of 
father maasively bedded white limestone. 5orth of the sammit the 
darker limestones appear, and 200 f<«t below it these beds are eat by a 
dike of basic rock 15 to 25 ftet wide, the dike running toward Togo 
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Peak. A secoud dike of ix>ri)liyry was^ observed 400 feet below tbe top. 
The crest of the ridge is notehed by a saddle or gap 600 feet wide 
and 600 feet or so below the top, which is cut in a soft and readily 
w«athcriug basic rock (shonkinite). This lies alonjrside of or forms a 
part of the porphyry extecdiug up the slope to a jKiiut 200 feet ab«\ o 
this saddle, fbe contact between the two roeks being marked by a min* 
ing shaft showing: f'cot of iron ore 'lioniatitol. Ttm rocks are rather 
poorly expo8e<l, and the soil and vegetation prevented a tleteruiination 
of the exact relation of tbesc rocka to oue another. Beyond the |>or- 
pbyry the sedimentary racks form the slope up to the summit of Band> 
box Mountain, but are cut by a dike of shonkinito, on which a shaft 
lias beeu sank. The saddle betweeu iiunoing Wolf and Skunk creeks 
shows the nsnal oontaot marbles cnt by two basic dikes. Two prospect 
shafts have been sunk in the contact, 160 or 200 feet below the snmmit 
on the Wolf Treek aide. 

The stream west of Sheep Mountain, which is known as Skunk Creek, 
has a wide basin at its head, which is well wooded end thickly soiled, 
8o that the rocks are generally concealer]. A wagon road ha.s been cut 
in the slope from tlie prospects west of Bandbox Motintain down to the 
Yogo settlement) but the cuts show ouly red sbaly debris uutil uear 
the Weatherwax mine, where ixirphyry is seen. 

EICABD M(»l NTArN. 

Kicard Mountain is a detached elevation lyinp east of the mountain 
ridge formed by the Yogo stock. It is a laccoliiiiie uplift in which the 
intmslTe has broken Irregularly tbrongh the yarioas Paleosoio hori- 
zoTif^. The mmmtain is a dome shaped aiiticlino. tlie limestones of the 
Carboniferous dipping 8tee]dy away iVom it in every direction. This dip 
* being somewhat greater than the angle of the slopes, snooessively older 
and older beds are seen in ascending the slopes, and the beds exposed 
on the sommit are f^till older than those on the flanks of the rmnntnin. 
The dip flattens oti the northern spur, the beds being neai'ly level 1,000 
fbet above Benr Park, so that this may bo taken as the center of the 
arch. In the saddle north of the highest summit tlte beds dip north at 
23'^, and on the eastern Rpnrtheenstwartl flip isL'O". On the western fnee 
the small stream which is cutting its way into the anticline exposes the 
underlying blaek limestones with a eentral area of red shales supposed 
to belong to the Cambrian rocks. It is evident that tin' main l>o(ly of 
the laccolith forming the core <»f the inountaiii is eitlicr in tlif Cambrian 
or beueath it, and that the igneous rocks seen ou the summit are merely 
offiihoots of this concealed core. 

The summit of the mountain is formed of several knobs separated by 
depressions several hundred feet below the higher point. The n irks are 
Carbuuiferous limestones containing an abundance of fossils, and vary- 
ing from a thinly bedded and flaggy, dark'browu limestone to the bine, 
eompaot limestones which lie beneath the massive whitelimestonesthat 
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are the luost conMpicuous feature of tbe CiU'bouiferous terraiie. Tlie 
sontheni summit te cut by • pipe or dike of cjonrte-porphyry tliat is 
several bnntlrofl yards wide and is marked hy nn abrupt contact, in 
wbick 2i> feet of limestonea, altered to coarsely crystalline maibles, 
separate two eheets of iliyeUte- porphyry, odo 15 feet and tbe other 20 
feet thick, firom tbe smronnding limeatones. Tbe i>orphyry mass form- 
in^,' the summit weathers in small angular chips, and is altered so that 
quartz and an occasional large pbenocryst of fe]d«i>ar are tbe only 
minerals seen. Tliis loek eattends from a point just east of the saddle 
separating tbe main peak of tbe knob to the west, up to the summit, 
and alonrj the summit for a quarter of a milpoastw .ud. Tlu- nortlicast 
spur of tlio mouutaiu shows a abeet of rbyolite-porpbyry, intrusive iu 
i^e massive limestones, wbieh bas besn denuded and noir eaps tbe 
lidge. 

BUNNING WOLF ItlDOE. 

Tho ridffo extending east from Bandbov "Mountain, and lying between 
Banning Wolf and Galena creeks, i8 a block of tilted uiaasive limestone 
strata, dipping esstward. Tbe dip, wbieh is 13° on Bandbox Monti- 
tain, becomes gradually flatter toward tbe east. An intruilcil slieet of 
porjiliyrv- caps tbe ridge near its center, and several dikes and sheets 
are both iu Bunuiug Wolf Valley and on the summit of the ridge, 
especially near the eoDectlon of log cabins belonging to tbe Woodhuret- 
Mortson miue. (See PI. LXVIII.) 

While the jrmieral dip of the bods is down tbe ridge, yet the north 
side shows an inward or southerly dip. This is due to tiie S(eambuut 
Uonotain uplift, tbe axis of tlie anticline fhua formed rannisg nearly 
jiarallel witli IJnnnin;; "^'nlf Treek, along the edge of tlie ridge south 
of it. Several mining prospects have been found jtist north of this 
line, and the Woodb^irst-Mortsou miue is similarly situated. A por. 
pbyry sheet is seen onteropping east of this mine, where It forms a 
talus slide, but was not seen west of tbe mine. The strata at this 
locality dip at 25^ into tbe ridge, and strike very nearly with it. On 
the samrait the beds are more gently inclined. The snrfboe, wbieh is 
covered by open woods, and risss gradually to the west, terminates 
southward in precipitous clifVs. 

lliuette intrusion*. — A half mile or so from the Woodhurst miue tbo 
blnish-black limestone bed covwlng the snmmit is cot by two dikes 
rnuniug transversely across tbe ridge. Farther west a third dike of 
basic rock is seen on the summit. The rocks are aii trite-minettes, which 
weather to soft greenish or rust-colored materials, from which fresh 
unaltered material can seldom be obtained. The fteshest speeimens 
are green and contain large augite crystals. 

In ascending tbe ridge lower and lower beds are successively exposed 
to tbo knob or summit of tbe ridge. In tbe saddle between this summit 
and tbe steep slope of Bandbox Mountain thinly bedded blue limestones 
have a strike of K. SQf> W., and dip 20° NB., apparently with the ridge. 



Digitized by Google 



TOGO DisxBicrr. 



888 



The sag is due to a;i intrusive inas8 of basic rock, whose exact nature 
could Hot be dt'toniiiiicd, thnugli It is j>rfjha!)ly a sheet. The rock is 
qaite altered aud rotteu, but i» recoguizable m a niiuettc by its abuu- 
daat mica. It bolda indnded msnesof the shaly If mestonen in the oeiH 
ter, wiiich are altered to hornstoiie aud cat by i^trinj^frs of tlie igneoua 
uiateriul. The outcrop is 00 feet across. The rocka at tUe borders show 
couslderable iuduratiou and metamorpbisui. 

Similar intrasiotia <»f mlnette vere observed at the minini; eabins in 
the cri'ek bottoms below the Woodhnrst mine, the rock beinp a ninch 
altered augite-miuette and forming an intrnsive sheet dipping south at 
20^, conformably with the limestones, and showing ou both sides of the 
ereek. This is cut by a 6-lbot dike of tiiiiilar rock which appears 100 
feet ahnve the creek on the sloiie to the snnth, aud wlueh trends nortb- 
east aud south west) the directiou of logo Peak. 

Lilce 3Bioafd Feak» fliis monntain mass is a partly stripped la< roUr.h. 
The .mount^iu shows a central masR of ifrneous rock, surrounded by 
massively bedded wliite limestou^ which dip away from the mouutaiu 
at steep angles on all sides. The draini^ ways which score its sides 
cany water only where cut in the porphyry, being dry in the limestone 
areas. Tlie pnrphyr}' slide covers the pa>;torii ktmb of th*» inountaiu. 
The mountain is precisely similar to Ricard Peak in structure, but the 
massive limestones are not yet eat throaf h, and so for as seen are 
the only rocks exposed. As this mass lies so near Ricard Peak, there 
is .1 sliitrp and sttddi ti upturning of the timestone.s between the two 
mountains, and Sage C'rwk Hows aloii;,' u nyncliual fold. 

SXSuUIBOAT XOUKTAIH. 

This numntain fhnws a laccolith just pmrrfrinjT fmm its cover of sedi- 
meots. The monntain flanks show the massive beds of Carbooiferona 
limestone dipiiiug away on all sides ftom the central peak. The dip is 
steepest near the snniniit. where it approximators 3<i~, atid lessens rap< 
idly as tlie disfaiico from the fstinimit increases. The southern slopes 
show the Caiubriau aud Devonian rocks lyiug beneath the lacextlith 
and th^ Oarbontferoos. The northern slopes were not visited, but tlie 
laccolith appears to htck symmetry and to be iu contact with the Citr- 
bouiferous on that side. The saddle between Steamboat and Bandbox 
monntaius, at the heail of Running AVolf Creek, shows a sharp syuoliual 
folding of the limestones where the northerly dipping heAn of Bandlioz 
are uptiltcd and the dip is k n ersrd by the Steamboat laccolith. To 
tlio northwest of Steamboat tlie broader nplift, catised by a concealed 
intrusion east of Big Baldy, limits the upturning on tliis side. 

The laooolilAi appears to be intmded mainly in the soft shales of ttie 
(^ambriati. These rot ks arc considerably metamorphosed at or very 
near the contact with the igneous rock^ lorming dense aud glisteuiug 
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black schists, deoae hornstones, aud thorn garnet calcite aggiegutos 
and otiier pninraoii forms produced by contact inetainori>hi8ni. The 
MoDurcU iimestoues (Devouiaa) aud the Carbooiferoua, beiug farther 
from lihe igneons rook, are leas prafoondly altered, thoagh they shoiir 
in ttieir texture and color the iuHuence of the nietamorphic processes. 
The highest part of the stnimiit is fornifd of the^e altered rocks. Tlip 
laccolith rock iti a diori(u-porx)fayry. it is dark gray in color, aud to 
the eye oloeely reMmblee the poTpbyries of Sheep, Woodhoriit, and 
Sage Creek mountains, thoufjh (laiker in color. Under the microscope 
it has the same general habit, but the ])lagioclast' feldspars predomi- 
iiiatc. It forms a platy debris, covering liie summit, whicli, even 
trbere irooded, ehows litde eoU. 

The mouutain slopes, when viewed from a distancp, show the laecn- 
lithic nature of the uplift very plainly, the limestone beds formiug curved 
sheets wrapped aboat the flanks, as shown in tlie aooompauying dia- 
grammatic sketch (fig. 40). The succession of strata is best seen in the 
sadtlle to the south, the narrow ridge showing good exjjosurps. Thn 
rocks are here uut by twelve or more baaio dikes, radiating irom 
Togo Peak, as already noted. The debris of a simihir roek iras foand 
on the summit of the mountain, and is probab^ derived from a siDiilar 
dike. An oiVsliootof the laccolith breaks across aud through the tilted 
rocks near the south contact, the rock being quite situilar to that of the 
main laocolith. 

The sonthern spur shows a small fault when seen from the summit of 
Bandbox Monntaiii, tlie I'aiilt phiiie dii»pinp very steeply to the north, 
thedowuthrow on that side being estimated at leas than lUO feet. This 
was not oboerred when the ridge was vistted, and Is probably reoog- 
sizable only iu the clifl's fornung the west ^e of the ridge. It is the 
only instance noted in the laccoliths of the ranfre in which the cover 
shows lauitiug, other than that due to general asymmetry of the 
Intmsion. 

The largest southerly spur of the mountain is that im whieh the Sir 
Walter Scott mine is situated (see p. 451). Tlie altered Cambrian 
rocks exposed on this ridge show three intrusive sheets of jwrphyry 
between the snmmit and the saddle back of the knob on whieh the mine 
is situated. South of this sntMle a lessor knob, formed by apoi-]>hyry 
sheet and another sheet estimated to be 300 feet thiok,lies between the 
I Cambrian and Devonian rocks. The rocks of this spar are ent by sev* 

eral dikes of the dark trap rocks, similar in character to those of the 
Eureka divide at the head of liuuuing Wolf Creek, and believed lobe 
extensions of the same dikes. The same minette rock was observed in 
the dump heap of the mine just mentioned. 

The northern base of Steamboat Mountain ends iu the limestone 
clifis of Wolf Creek. The dip is gentle, and exposes successively higher 
aud higher beds m one travels from Lion Creek northward. Porphyry 
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is seen but 200 to 300 feet above th»^ linifstonea which cross Dry WoU 
Creek and ran nj* tlif walls east of lUitrlierknifi". This porphj'ry is 
seen oil the western t^pur ut' the uiuuutuiu but a few hundred feet above 
tiM creek, wbile on the northern epnr of the moontnin limeetone beds 
dipping at Sd'^ away from the peak are seen at least "►(M) feet hifrher. 
These exposures wer« not visited, but the relations are |)laiMly visible 
from the opposite side of the valley, aud the elevations were determiued 
by hand'level mewnrement. It ie aeeomed that the porphyry aeen is 
the ('<1<;e of the laceolitli. n iiich ou the north side of the mountain has 
therefore broken up through the Oarbouiferoaa beds. 



The hii^Mst mountain of the range is'Big Baldy. Its barai smooth, 
dome-like snmniit rises to a height of 9,000 feet above tide ▼ater, and 
flirms a eonspioioos feature of the region. Like all the more prominent 



mountain masses of the ran-^e. it is formed of ifnieonsrock, a variety of 
granite -porphyry d&signated the barker pori)liyry. This roek here 
forms a great mass 3 miles wide and 4 miles lung, with a vertical thick- 
ness exposed of 2,000 feet The uniform dwneter of the rook indicates 
that it oonstitates a single body and is not the resnlt of several intra- 
sfona. 

On three sides this igneous mass is snmranded by stratiiled roclcs, 

whose general attitude is that due to the ui)lift of the range, the beds 
being only locally distnr!)ed by t\w iiitnisioii. I lie broad arching of 
the strata seen in the lacuolitbic uplifts already described is not seen 
here. The contact plane is not generally well exposed, bnt the rela- 
tions of the stratified rocks, as shown in the cross section (fig. 41), indi- 
cate that the oontaot is nearly vertical, and that the instmaion is of the 
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^q>e of lufoolitli first iuiiihmI and ilfscriltcd by I'lotVssor Tddiiijxs hh a 
byamalitU.* Ou the west the igneous rock is iu coutact witli the crys> 
talline sdhiatB, bat there it no erldeuoe of a flMilt or eqnivaknt ft»UI In 
the contiiiiiation of this contact line into the area.s of Htratifle<l rocks. 

The source of the intrusion is not known, but the nearness of the 
Yogo Peak center of igneous activity and the peculiarities of the liig 
Baldy roek show a cloM ralatioii with tbat stock, and indicate that the 
Intrusion is but one of the many masses associate*! with and forming 
part <d' the Yogo eiMJch of igneous activity. The observetl relations of 
tbe mass to the ai^acont rocks indicate that it is the result of the 
Intmrion of a magma rising through a oondoit in the gnefas and 
spreadinp: out iu the sbaly IhmIs forniin^r the b;vso of the Cambrian. 
The overlying rocks were lilted and arched; but, thu^turiug about the 
bordws of the intrusion, were pushed upward as a dislocated block 
and raised 2,000 feet above the original position. The grain of the nx^, 
whicli is similar to tliat of tlio liiccolitliic rocks of tlie ranjre, is very 
auitorm,aud the crystalline texture indicates that the magma soliditied 
beneath a covering of roolc, now dennded. 




Ito. 41— KOTlhwMlNMmtliMit MeUoB tfanmiEh Biff Biddy IIMBtidB uA ttorr PMk. Sella m il^hl 

•hmn halght abwr* mk toval. 



The dome like outline of tlic ma^^ is 1»nt slipfhtly altere^l by erosion, 
and is seen in the protile of the muuntaiu from most points of vieW| as 
shown in PI. XLYIT, ^1, and PI. XLVITT, A. The northern slopMi are 
smooth and rounded, bnt are slightly scored by gnUiee,and may repre- 
sent the denuded and iV8 yet slij^htly altered surface of the iiit rusion. • 
To the south the summit is indeuted by two deeply cut amphitheatersi 
bnttheintervening spars still preserre a gentle slope and rounded sais 
face, like that of the northern side of tbe ]ieuk. Tlie diagtamabQiva(flg> 
41) shows tiie profile as it av>pears from Yogo Peak, the accompanying 
plate (PI. XL VII, A) being made from a photograph taken at that 
place. 

The summit slopes are everywhere smooth, rounded, and covered by 
platy debris, no massive exposures bein<r seen until the actual summit 
is reached. The two immense amphitheaters cut iu the southern side 
of the snmmit show magniflcent ezposares of the rook in their precipi> 
tons walls. The aecompanyinp: inustrati<in flM. XLVIIf. /?) shows the 
massive weatheriug of the rook. The great blocks seen iu this view 
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break r«adily, ou Mling itooi tko oliffsi into platy masses, often several 
ftet aoross and bat a Aw inohM thick, and this dSbxiB aocomnlatea in 
gieat tains slides at th« baoa of tbe cliflb and ills the bottoms of the 

ampliitlieaters. Tho w'alls are not nniform stirfaces, bnt show sharp 
projecting buttresses and iuterveuiug debris slides. A lakelet ttlls a 
bollov in the bottom of tbe amphitheater snrronnded by talus heai^ 
lugs, overgrowii with slanted alinae pines. If these besipings are 
mominal they ooDstitate the only evidenee of glaoiation observed in 
tbe range. 

THB lOlOIOlTB BOOK. 

The rook has a Ught-gray or porplish gray color, vrhldi weathers wi& 
a reddish tinge. It « harly f eld spathic, and shows very rromiTiont 
xeotaugolar cross sectioim of a tresb, glassy-looking orthoclase i'eld»par, 
embedded in a dense groondmaw dotted with small opagne white lUd- 
spam and a peppering of minntebSaok grains of hornblende and biotite. 
The rock Is quartz-syenite porphyry, but is i elat«'«l to and mapped as 
a phase of tbe Barker granite-porphyry. It is fresh and unaltered. 
Mid oootains ooeasienal small Inchisions of gneiss, shale, limestone, and 
minette, which are apparently bat little altered. The rock is very 
similar to those forming the eastern part of the Togo stock; i. e., at 
Bear Park, Woodborst Mountain, etc Its character and 'affinities to 
these rooks are fully disonssed in the aooompanying pnper by Professor 
PirSBon. 

DIKES IN PORPIIYRV MASS. 

This rock is cut by dikes, but owing to the platy debris covering the 
avnnnit tiieir onterops sra obsenre on the moantain top. The walls of 

the eastern amphitheater ol tbe peak show several blaek dikes cutting 
thp !''_'!it cohjrcd porphyry; and the tlt'bris. of a dense, very dark rock, 
wliicli proves to be an aualcit«-bik^lt, occurs strewn over the south- 
western slope, mixed with the porphyry. Two dikes of lighter eokr 
than the porphyry of tbe amphitheater walls are recognizable to the 
west of the black dikes seen on tbe west side of the eastern amphi* 
theater. 

omwBiONB IN nttBBoinnixNo btbava. 

Knmeroas dikes and Intmsivo sheets oecnr in the {Stratified rocks 
abont tbe mountain, especially in the easily invaded ( ambrian shales. 
Where these sheets have been actually lo<^ted they have been shown 
on the map, bat there aie inobably other sheets not exposed or exten- 
sions ct the sheets mapped at localities not visited. Tliey belong to 
the two pronps of feldspatliic and basic (trap) rocks, and are in the 
main regarded as offiihoots of the Yogo Teak center, except in the case 
of the thiek sheets exposed by Wolf Orseik »t the southwest base of 
the mountain, where their connection with the Big Baldy mass is proba- 
ble. The ocenrrence of these intrusions is noted in the succeeding 
pages, togetlier witii that of the stratiiied rocks in which they are 
intnided. 

OBOL, FT 3 22 
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' The relation of the Big Baldy mass to the siiironndiug rocks has 
alreMly been sammariced. To the north the draiaago channel of Uie 

head of Dry Fork of Helt Creek is cut along the eoDtaot and separates 
the porphyry from the Arclu'aii >:iu'iss, which forms a ronsh, hilly dis- 
trict. To the west the ridge running to Neihart Moautain {hong 
Bttldy) ahows the mdw red and gray gneiaa. 

BBLT OftBBX BlVllVJI. 

Soath of tiie mountain a narrow ridge dividing Wolf and Belt creeks 
draws thinly bedded OftmbriMi ahaleB, with nameroiu oonfimBftble 

iutriisive sheets of iiriietms rock. Tlif strata at the immediate contact 
with the porphyry are (>ouiewliut, but not profoundly, altered, forming 
a biud, dense, blue, shaly debris that obscures all massive exposures. 
An oflhboot of the main intrasion cats these rooks. Tbe firat good 
exposures seen near the contact are hardened shales and conglomerates 
that dip at an angle of 3'^ towanl the peak. South of tbe little sag tiiat 
defines tbe monntain slopes ftom tbe ridge tbe same beds dip sontb at 
a low an^le. The knobs or snmmits along the ridge are eapiied by por- 
phyry, nnd the sheets form cnwentic benches on the slopes. Tbe ridge 
has a general descent to the south, so that a single sheet may appear 
on the top of one of these knobs and reappear on tbe slopes to tbe south. 

The western spurs of tills divide ridge are generally grassy or but 
sparsoly 'woodt'd slopes, on which the intruded slieets form benches and 
little cliils. Ttie intervening shales weather down to a slope showing 
no exposnres, except where locally bsTdened by contact metamocfililun 
alongsitle of the intrusive massos. The spur visited showed eight 
iiiti usive sheets in a tot;i1 thickness of 700 feet of shah' T\ro of these 
sheets are minettes; the others are feldspathic rooks vaiymg somewhat 
in character as Id thickoess. Tbe lower fbor addle sheets are cbar> 
acterizcd by hornblende. The rocks are much alt«'rt'd mid break readily 
into a platy dt^bris. The map shows these sheets only uihiu the spur 
Tisited, but it is probable that they occur in the adjacent ridge, as the 
persistenoy of the sheets intnided in tbe shale is a very striking ftatnrs 
of thi- region. The thicker sheets hare prodnce<l considorable ineta- 
morphism of the shales near the coiitstct. A sheet 75 feet thick, occur- 
ring 400 feet below the top of the ridge, has baked and hardened Che 
shale ibr 10 feet from tbe contact These sheets, together with the 
indosiiig strata, dip at a low angle to the west on the tipper slopes, but 
Ihis is reversed on tbe lower slopes, tbe dip bein;; eant, or toward the 
main divide, at S^^to 5<^, coufbrmlng to the general dip that prevails 
down Beit Greek. That this is the ^^eneraJ dip of the beds forming the 
divide is proved by the attituile of the same rocks exposed east of the 
ridge, about the hciid waters ut Wolf Creek, where the dip is also east. 

SOUTH AND £AST PLANKS. 

The eastern spur or shouhler of Big Baldy, which ends at the Big 
Park of Wolf Creek, shows good exposures of the bedded rocks, dip- 
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ping at a low angle away from the peak. The contact between tbem 
and ignMMu mnu is d«llned by a eihallow noteli or ng at the boad 

of a amnll ilrainaij:*'. vviiy tributary to tbe stmitii from Ilie easleiii am- 
phitheater of tbe peak. Tbe highest beds are the tiiaiiaive Carbon- 
iferous limestones, whose bold ledges are seen dipping at 6° away 
ftou'tbe p«ak in the vfiBtern iM» of tbe Bpat. 

Bia PABK. 

Big Park, as the meadows of Dry Wolf Creek together with the 
tbiskly timbered upper valley of that stTeam are called, is so clofldy 

connected with tbe Yogo Peak mass that it may properly be treated 
here. 'Hif* hnvcr p;\rks of tLe ercok are bordered by stcop walls? of 
limestoue. The beds dip at a low angle down the creek, and as 
one aaoeodB tbe stream snooemlyely lower borlzena are poased, nntQ 
near Lion Creek the white limestones of tbe Garboniferons are seen 
UTult'i laiu by tbe dark-browti beds of tbe Jefferson limestone. As nsnal 
aboat Yogo Peak, the shales are intruded by sheets and dik&i of vari- 
ous rocks, oiMioots of tiie Togo Peak oeiiter of Igneous aetivity. In 
Lion Gnlcb the shales are seen overlain by limestones, and the mineral 
deposits of tbe gulch are found at the contact Itetween tbe brown 
Jefferson limestone and an intrusive sheet of porphyry, about loO feet 
below the base of the white limsetone seriss. Big Park is dae to the 
vviik'Miiii; of tilt' valley of Wolf Creek, owiiifr to the presence of tbe 
Cambrian shales. . A measured section was made of tbe beds exi>osed 
on the eastern end of tbe spur, which forms the steep slopes west of 
Big Park, opposite Liott Greek. 

8^rt^^fltd rodto txpotei im ii«rA imiJI •/ Mg Pari, oppomiis lAum Crmik, 

»'«««. 

Carboniferonn limoatoDcs, 1,400 foot above creek; fosaile, Foncstella, criuoida, 

br«€biopod8 ; atl of ftyploil CuboiiiAnn* aspaet 160 

Paine sbale: 

UuMwtene, ItlaMi and hard t 

l.ime>to;jc'. slialv. d&rk colored , i 

290 

J.iiii.'stoii.-. sLaly, light colored J 

JeffeiHou liiiifsUme: 

Liiue»U»o«a, bUek; top of bed forms benob......«.«* ....i 

Lfanaatonfla, gnnnlar, crTBtaUine, block, OvtodIm — y w t 

LioieNtoneti. massively bedded, lighd eoUm^ pitM and totten looiklnf, 

oftou pinkish nud grajr. IS 

Limestonea, bluinb, bat not hhMtk...... 100 

FelBite-porpfayiy sheet M 

Limestone, bnff weatheriug; light brown on &«ah fraotnie; Devonun 

aspect .*.... .................. ...... .......... .... .... 15 

Umestooa, dark blue 9B 

IntroMlTediMt 16 

TJmMtnnt*. JeffeMHMI flMl«. 10 

Yogo liiuiaiuiDe: 

UmestoDa, thla-bsddsd, fwy dniiN, Uua-gngr *oel^ is Mb of S to i 
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TuffD l{iB«*ton*— Contipned. AM. 

Linipfttimn liiMl, M-i v peralstont, and forau llbllOill>ltlce line along slopes; 
uhviiys weatbering out 1^ 

Liini'Mtoiie, rottMi, boff-oolond look, bCMklBf wttli inofdlar frMtu* . 10 
Dry Cnek aiudM: 

Shslw, red snd purpio, with impure, yellow, tUnlj beddad liimtwi— ... 40 

Pilgrim linn'MTmio : 

Liniestone^ purple colored aod stiftlf ..m... ....... 46 

LUi»Mtoiic^iiMMtT^bhM,wiMtberiag7«DiOWMidiw^^;lrTCgiil^ 
Park abale: 

Red Bhaly beds 116 

Ueagher limestont; : 

LiuMctooo »d4 conglouMuste 800 



IntnniTO ahaot of igatam rodt (S Dtwt). 

Wolsey shale: 

8hti1es, micaceodd, tormiiig woudeU slopes witltuut expofttire _ 

I II t r usi ve sheet of igiMoaa rook (15 flMt). 

Sb«la«, 9ot%, miosMons 

laitnaAvAtiet 

The intrusive slieets and dikea noted in this section wese the only 
ones examined on the eastern flanks of Big Baldy Moantain. The 
lowest sheet is traceable along the base of the slope for a luile or more 
to the eoQtliwese, bat is carried hy its dtp beneath the meadows to the 
north. Tlie rocks are like those already described as running the 
eucircling MbeetB of Yogo Peak, and the difiTerent sheets exposed in 
this section also occur intruded at the same horizons, across Big Park, 
3 miles southwest of the month of Lion Ofeek. A sttil h»wer mass of 
nearly white intrusive rock is seen on the banks of the f-reek at the 
apper end of the park, where it forms white talus slopes. Going south- 
ward this sheet is seen to be o^er 100 feet thick, and west of the creek 
forms a ridge coming from the eastern amphitheater of the mountain. 
Its extent is not definitely known, but must be considerable. The rock 
is a deuHe, wliite rhyoUte purpbyry. That the rock is a slieet is clearly 
seen at the point at which the stream from the Big Baldy amphitheater 
joins Dry Wolf Creek, where Cambrian shales are exposed underlying 
th«' rliyolite porjthyry. The igneous rot-k only is seeu above, Wliere it 
forms hillocks and debris piles extending northward. 

HBAD WATBBS 09 BRY VOLP OEBKK. 

West of the Rtrenrn from the Ti-estern amphitheater of the mountain 
the trail up Dry Wolf Creek traverses a densely timbere<l bench or 
slope, on which there is much quartzite and porphyry drift, but no rock 
is fonnd in place antil the trail leaves the ereek and ascends the spur 
that extends ea-^t from the Belt Creek divide. Here the porphyry, 
through which tlte little gorge oC Dry Wolf has been cut, is overlain 
hy red Cambrian quartzite and sandstones 200 ISaet thick, capped in 
tim by a sheet of porphyry 200 feet thick. Above this the Cambrian 
shales, with several IntnultMl jiorphyry sheets, extend to the top of the 
divide, a total thickness of 1,4U0 feet. The beds dip east at a low 



Digitized by Google 



wi».l WOLF BUTTE AND TAYLOR PKAK. 341 

angle, ao that the quartzite mast pass beneath yTolf (Jreek not far 
above the mouth of the amphitheater drahiage. The horizon of the 
Big BMj intrasion is thenlbre lover tluuk the baaal Oambrian 
qnartzite at fhie poliit 

OUK DErOJilliJ. 

There at e uo mines on Big Baldy Mouotatu, but the flanks have been 
prospected at many placses near the contact The rocks of the imminit 
are generally weathered, but otherwise unaltered, and it h with sur- 
prise that one observes the boniulary stakes and shallow open pits of 
» mineral claims. Thin seams of irou stained material^ said to contain 

ttaoea of gold, were obwrred, but nothing to> ladioate the pceaenoe of 
Yalnable mineral depoaita. 

BPTCHHBKHDM XOmfTAIN AMD CKECKK. 

The mountain (7,821 feet in height) north of Big Baldy is formed of 

aedimentaiy rocks, which arch over and conceal a laccolithic center of 
porphyry. The eastern side of tlie mass is deeply cut by the drainage 
of Butoherkuife Creek. Butcherknife Guloh was not ascended. The 
Stream gravels bIiov an abandanoe of qrenite- and rhyoUte-porphyriea, 

the former being the common tyiie found in the intrusive sheets of the 
refrion. A dark-green, almost black, rock, which microscopic stndy 
pmves to b« an orthoclase basalt, iurms peculiarly pitted bowlders. 
The most notieeable foatore of fhe stream drift ia, however, the abaii« 
dance of dark-bluish honisfom s, \ ery hard and dense forms. This is 
the more noticeable because it is the only place about Big Baldy where 
such products of contact metamorphism of the Uambriau shales is 
noticed. A t the mouth of Batdierknife Or^k the limestones are nearly 
level, but the walls east of that crock show these beds dipping nwiiy 
Irum Big Haldy Mountain, the angle increasing northward and the 
beds rising higher and higher up the slopes, the dip being fully 30Oob 
top of tiie ridge. 

WOLP BUTTB AHD TAYLOR PBAK. 

Prom the open eonntry of the Jndith Baain, Wotf fintte appears as a 

shurply defined conical mass, situated in front of iUid a littlf ili^fance 
from the woodeil slopes that mark ttie general front of tlie range, i bis 
very prominent peak is formed of granite porphyry that is part of an 
intnisive mass extending sonthward for 4 miles and having a width of 

2 miles. Tliis infrnsioTi hfi>5 arched np the hods about it on the ??iinth, 
and, in fact, the limestones which surround it dip away from it on all 
aidea^ so that the mass probably oonstitntes a laooolith, though an 
aajmmetri<' oiu'^liko alt the other iutmsions of this chani<'tcr seen in 
the range. To the south the Ilaiker wagon road follows the synclinal 
trough produced by the meeting of the limestones dipping toward it 
from the mountain to the sonth and from Taylor Pealc to the north. 
This trough preserves inliers of the Carboniferous shales which form 
the meadows at the south base of Taylor Peak and the foothills east of 
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the peak. Taylor Xeak itself ia formed of massively bedded, Carbooif- 
erons liin«8ton«), dipping weitward at IfP. 

The Wolf Bntte maaa of igneoua rock ia seen in contact with the 
Ciirlionifcrous liniostonps except on its sontlu'iu wide, where, on the 
smldle north of Taylor Peak, the oUler rock^ are »een sharjdy upturned, 
elipi>«d, aad intrnded by sheets of porphyry, bat clearly Teoognizabto 
despite the alterations due tO COnta(;t metamorphism. In this saddle 
tli<- blown ;\To'niif( h linit stones and 400 feet of tlto jaspci ribln-d 0am- 
bnan rocks are very e^^ily recognized, though the <iip« increase from 
Ifio In Taylor Peak to an almoet vertteal attitude at the eontaot, end 
tfae slipping of tlie upturned beds along shale horizons has resulted in 
the absence of such beds in the section seen at the rnntnet. T!m 
Cambrian rocks iu particular are toughened, baked, and hardened, and 
•how oontect minerals, espeoiallf in the Joint and bedding planes. The 
ui>lift is progi-essively less and less noi tbwiud, and at fin- l)ast' of "Wolf 
Butte, at 5,000 feet, or 1,400 feet lower iu elevation than tlie exposures 
just noted, the igneous rock is in coutaut with the shales and sandstone 
beds of the Qoiidraut group. 

The laccolith rock. — The intrnsion consists of granite porphyry of a 
normal character, which Im been given the name of Wolf porphyry to 
distingnish it from the very diflRsreat-loolcing reeks of Barker Moontaia 
and the other laccoliths of the region, rocks which are also gnMiite- 
porphyries, though of a very difi'erent type. 

The Wolf Butte rook is a coarse-grained porphyry, weathering with 
a massive jointing, splitting into immense sl^s, and making crags and 
ah^s and castellated forms that resemble those of a typical granitflb 
The rock disintefrratcs readily to a coarse sand, so tbat it is not trans- 
ported far. It shows large crystals of glassy quartz and piukisix 
erChoclase fbldspars, with minnte scales of dark mica. The pfomi* 
nence of Wolf Hutte is due to the variation in the grain and jointing 
of tlie rocks and it?* consequent resistance to weatherinir. the rock 
being soniuwiiat denser and more massively jointed than the more 
granolar, easily dlsint^(rated rock Ibrming the amphitheater between 
the bntte and the monntain sonth of it. The Wolf Ibitte contact with 
the limestones is abrupt and shows but little uplittiug of tlie scdimen- 
tary rocks. The peak between Wolf Butte and Mount Taylor is 
formed by part of the contact rim of the intrasive mass, in which the 
rock ij5 so dense as to constitute a rhyolite porphyry. The rock is pink- 
ish or brown and has very pronounced laminations parallel to the cou- 
tact plane. It breaks with a platy fracture into thin and rather 
small fragments, and this platy parting breaks across the laminations. 
The upturned strata at this snuth contact of the lac<'o!ith contain 
aeveial intrusive sheets of dark micaceous rock, resembling minette. 

Intnuive theett new Wolf J?«<te.— Thece are several Intmded sheets 
of porphyry in the areas of Oarbouiferoos shale aonth of Taylor Peak, 
but the character of the rock and manner of occurrence do not con- 
nect them with the Wolf Butte mass, but rather with the intrusions of 
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the Barker ^pe of porphyry. These sheets oocar along the Barker 
wagon road, at tb« head of Arrow Creek, and in the hillM north of 
(?e<»r. At the tirst lociility the beds are nearly horizontal and tlifi 
porphyry iii too much altered fur study. Id the luotbills lying south- 
east of the laooolith the shales are intruded by two sheets of quartz* 
diorite-porphyry, resembling a variety of the Yogo stoek rock. The 
lower sheet is, perhaps, 200 feet thick, and can ha traced for several 
miles, forming a distinct bench on the smooth shale slopes. The 
airier sheet Is tiiintier and eaps the knobs or snmiaits of the hills. 
The rocks resemble those of the east end of the Yojro stock, show in t: 
large feldspars and hornblende prisms in a grai' groandmaHs. The 
rock weathers with a reddish anrlhoe and Ineaks in platy masses, leav- 
ing rounded eipoanres. It is out by two minette dikes, whicAi are 
tlHTefore younger. 

Ore depoititg. — Bat one mineral prospect was exaiutued. This is situ- 
ated on the knob southeast of the saddle separating Taylor Peak from 
tiie mountain north of it. Tlu- {irospect is on an east- west fissure, and 
shows galena andeemsite^ together with malaohite^ azorite, chaloedooy^ 
calcite, etc. 

Jhf WqI/ Ortei AMUft,— Dry Wolf Oveek en^ a canyon tturongh a low 

dome of Carboniferous limestone that rises above the open grass land 
formed by the shal' s or the Quadrant formation. The rocks dip away 
synmietricaliy on ail sides from the dome, whose structui-al relations 
are such (hat it seems yny eertain that it is ftanned by a oonoealed 
laoeolith of igneous rock. 
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DESCRIPTIVK G£OIX>OY OF T HE BARKEB AJSD MOKABCH 

BUfrjiicrs* 

BARKER DISTRICT. 

DISOOVEUY AND DBVELOPIIENT. 

Tlie Barker diatriot is situated Id the uorthero part of the moontaiug, 
on the headwatera of the Dry Fork of Belt Creek. fHie dtsooyeiy of 
ore deposits, in the years 1876 to 1880, led to the rapid devolopineut 
of tlie district, ami the towns of Barker and Hagliei?villp wore built 
Several uiiues yielded large amounts of silver-lead ores from 1880 to 
1883| but the inaooesaibilitiy of the region «nd the high oost of transpof^ 
tetton to smelting centere eonatltnted a serious detriment to the devel- 
opment of the camp. A smelter was erected at Barker in ISS] and ran 
for a short time, bat the ore bodies first discsovered proved to be limited 
in esctent, and when the NeUiait deposits trere developed in 18M the 
camp bad seen its best days. The completicm of the branch railroad 
to the camp in lS8ft and the boildiug of the silver smelter at Oreat 
Falls gave a temporary impetus to mining development, but as the ores 
are valuable only ibr ttidr sliver eontents the place was praetioally 
iibaudoued when the drop in Ww \n ivi- of silver orcnrred in ISO.*?. In 
181>1 the Tiger and Moultou mines were the only ones being worked, 
and these ouly on a smaU scale under lease. From that time to 1897 
the mines weire worked font short periods at various intervals and by 
dlflercnt Irnscrs jiiitil the demand for lead ores at tlir smt'ltor?^ and the 
grautiii^' of cheaper rates for smelting aud railroad charges led to an 
active p i u^pectiug of old and new properttes. At I3ie present thne 1Mb 
future ot the oamp looks more proniinng than at any previous period 
of its bistofy. 

£XX£NX ASS TOPOQOAr&T. 

Tlie Barker district proper ('mlirafos the basin like nrea lying north 
of J>ry Fork of Belt c'reek, as shown ou the map (fig. 4&)t and 
iuclosed between Barker Mountain on the west, Olendennin on the 
north, and IQzesfisldy and the adjacent peaks on the east The basin 
is drained by Galena Creek, on whose banks the settlements of Barker 
and Ilughesville tire situated. The moontaia slopes were formerly 
densely timbered, but about Barker the trees were long ago out for 
burning into ehateoal, and to-day the stumps and young pines cover 
considerable tracts, and the slopes north of the basin show a forest of 

344 



.J 



BABKBR DI8TBI0T. 



346 



bare, gray poles, the result of extensive forest iiies. Bock exposures 
wet nowhere proiiiiuent, Mid the connby is Dot nmgli or espi c laily 
The limestonen show on Harker Mouiitaiu and arc promincut 
where the wagon road crosses tlie divide to Otter Creek and the Kibbey 
Ba«iii. The igueous rocks are luore ofteu exposed, but are seldom seen 
in oouspiciioiia txposant except on the bare moniitain top». Thef 
jtorm extensive d^Ms alopea north of the basin, and intrusive sheets 
ioxm low clitl"8 along Dry Fork of Belt Creek. The best exjiosures of 
the great liuiestoue series are seen on the outer slopes of the uioaa* 
tntna that ineloae the Barker Baain. 

The town of I'arker lies at the lower end of this basin and only a 
abort distance above Belt Greek. The old smelter and thu chureoal 




\ 



Una were bnflt alongside Galena Ore^, below the fork of this stream 
known aa Gold Bun. These, together with the Carter mine opjwsite 
the month of Gold Knn, determined the aite of the town. The princi- 
pal mines were, however, fiirther np the baain— at ita northern head, in 
fact — and another settlement w .s established there, whicli wik <x'\von 
the name of Cleudenuiu on the maps, but was commonly called Hughes* 
TiDe by the miners, and is stXtt known by that name. 

The railroad was not extended to the mineS|bnt terminates at the 
mouth of (laleiia Crcrk. The line has not been operated !f<,MilarIy for 
some years, although trains are run from the junction with the ^'eihart 
branch at Monaireh wIienoTer there aire a few oarhmda of me ready finr 
ahiiment WeII<graded wagon loada mn down Dry Fork of Belt Oieak 
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to Monarch, uorthward over a low poKs to Otter Oreek aud the Eibbey 
Baain, and eMtwsrd up » bnmcb of Belt Oreek feod over tbe divide to 

Arroxr Creek and Dry Wolf Creek and tbe Judith Baefau The region is 
nearly as high above the sea as Neihart, but receives* less Huowfall and 
has a somewhat milder climate. The soft uatureR ot the Cambrian 
shales and the eramUy wettthertng of the igneous rooks that ptevail in 
the center of the basiu give smooth and rounded contnars, and open, 
rather broad, and retreiiting sloi>es. The eiisteru branch of Catena 
Creek, which joins that stream at tbe settlement of Barker, is known as 
Gold Bnn. A fork from the west, euteriog above Barker, is sailed Green 
Creek, while its two head water hi utu-Iios ntiito ;it TTns^hosvillo, (he 
settlement 2 miles al>ove Barker, one fork coming from Kibbey Gaj», 
the other forming the gap north of Mixes Baldy. This will be made 
clear by referenee to the nmp, tig. 42. 

The principal ore (k'liosits discnvrred tli-;-. f ir lie nt the northern 
border of thin bu.sin-like area, on the head waters of Galena Creek. 
There are also jirospeets al<mg Gold Bim and sonth of Dry Fork of 
Belt Creek, aud one mine on the eastern bank of Oaleua Creek oppo- 
site Barker yicldt'd ii large amount of ore in the c.uly history <if the 
camp. Tbe rocks sliow no very extensive areas ol decomposition. 
Thoagh ehanged by feathering and the ordinary processes of rook alter- 
ation, profound alteration of the rocks ac^^nupanying the ore deposits 
is roiifiTii^ to small nrf^iu^ innnediatcly adjat'ent to the vein?;. The ore 
deposrts all occur in (■onneetiou with the igneous rocks which break 
ffafOQgk and have folded the sedimentary roeks. 

The geology of the district is more varied than thatof any other area 
of e«jual extent in the range. The district is sitnafed on the northern 
border of the Arcbeau core ot the range, where tlie uplift uf tlic moun- 
tains has nptnmed the eediaentary roeks and tilted them northward. 
This normal tilting is, however, almost dostrnyed by tlie i<rnoon!^ intru- 
sions of the district. These are of various rocks, and occur intrusive in 
various ways. Barker Mountain is a great mass that is laccolitiiic in 
obaraeter, and bas lifted np the sediments aboat It in a domSb Otter 
Monutain to the north is another laccolith wliich is as yet bnt partially 
revealed by erosion. Its sheets form Cleudeuuin .Mountain, whose slopes 
make tba north wall of tbe Barker Basin. Mixes Baldy, the mountain 
to tbe east, and the peaks adjacent to it, are carved out of an intrusive 
mass punched through the strata — a great bysmalitli. The center of 
the basin is occapied by a small stock of granular rock tiiat may be tbe 
Mnter of tbe igneous activity of the region. 

SEDIMENTARY KOCKS OF BA.EKKR DISTRICT. 

Tlie Stratified roeks of the Barker district and vicinity present no 
features of especial iulerest The difi'erent tbrmations firom Cambrian 
to Heaoeoic are well developed, and exhibit tiia general aequenoa 
already described as oommon ibr tha northern part of the ranges Tbe 
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lowest beds, the basal quartzitesi which rest npoa the ccystalline schiBtf, 
ire seen on the dopes fionth of tbe D17 Fork of Belt Greek, ud irhen 

a bend of this creek, below the railroad teriniuus, cats thionj^ fhs 
schists. Ill general the ba-!il beds are indurated sainNtdiioR, sorne- 
times true quartxites in uatarc, which oouaist of teld^iKu aud quartz. 
The odon are, as neoal, pink or reddish, weatherin g rnsty brown. The 
nek aometimea grades into a oon^lonH rate, but the latter form is 
Bother commoD nor of more tlmn local development. Cross bedding 
is oitOD promiueut. The rock is jointed and breaks iuto angular debris, 
hat this is never alnindant enough to be of move than local interest 
The thickness on upper Dry Fork of Belt Oreek is but 60 feet, and it 
is about tfie same biick of the railway station. The quart/ii'- haj*e 
difi'era markedly in this respect from the section seen north ol iNeiiiart, 
where lower and upper saadstona layers are separated bj shale. As 
noted below, this may possibly be 'concealed tither by oveilap .or by 
overthrust. 

Tbe structure of the sedimentary rocks is that of a monoclinal fold, 
being the northern mde of the broad anticline Ibiming the range. Near 

the gneiss I'ontact the dip is always steep, but the inclinatfon lessens 
away from the gneiss and schist areas. On tbe slopes south of the Dry 
Fork of Belt Oreek, near Barker, the achfst snrfiMse slopes steeply 
north ward, and where overlapped by tbe sedimentary rocks the dip is 
40" 1101 tlvwnnl. nvrny from the schist eoiitact. Near the railway station 
(at the mouth of Galena Creek) the ridges to the northwest show a reef 
of qoartsite 20 feet thick whose dip is 45^ to the north, and this angle 
of dip oontinneH for some distance northward in the second simr uest 
of Galetta Creek. Along the trail from Barker to Neihart tbe basal 
sandstones and qnartzite are seen forming a ridge running up the slope, 
bat are wanting on the divide and aro not exposed along the contact 
on tiie sonthern side of this divide. On upper Dry Fork of Belt Creek 
the basal members of the Cambrian run n]i to and are cut off by the 
Big Baldy intrusion. These observations seem ut point to a sharp uplitt, 
and indicate that the floor of crystalline schists was a slipping plane on 
which the Cambrian shales were shoved up and over the gneisses. 
Dellnite proof of this hyixjthesis seems to be afforded by the exposnrcs 
along the Neihart traiL If this be true it explains the absence of the 
lower shales and the bassl members of the qnartzite and sandstone 
series in the exposures noted. 

The Cambrian shales and iuterbedded limestones are seldom well 
ezpoeed thronghont the Barker district except over small areas, and the 
field work was not thorough enough to show soy voiiatiMis from the 
conditions observed at lUlt I'ark. Tlieso rocks are seen trenerally alonpr 
Belt Creek and about the town of Burkei-, and also on tbe summit of 
Otter Moontdin north of the mines. Three miles east of Rwker the 
^pes north of the Dry Fork of Belt Creek show Cambrian strata 
overlain by a snooesuon of limestone beds tbrming oiift' ledges and ^t 
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bcnobM, Hcfe flie Detroniaa limestones are especially well exposed, 
and contain an abandaut fossil faiiua, from wbicti only a small collection 
wa« hroMplitin. To tin- I'list (»f tJiis pluce tlie contiimity of Hie sti atii is 
interrupted by the great mass of Wolf porphyry, wLiich cnt*» oil all tlie 
Toeks earii«r Iftan the Oarboniferoas. A good flection of tbe Madimn 
limestones is. however, exposed along the wagon road up lUenliiusop 
Oreelt (the Wolf Croek rouil i, where the chameteristics <\{ the different 
horizons of its formations may be studied to advantage. Between 
Barkar Mountain and the oiyitallma sohist area tbe ledinientacy reeks 
we sharply folded in a eyndUnal trongfa, ae noled in the deaoxiption <A 
that mountain. 

Yidnitij of Barker. — The geology immediately about the settlement 
ef Barker is revealed by nnmenMui expoenres, ftr althongh tbe roeks 

are very generally covered by soil and vegetation, (.ialena Creek and 
(]olf! linn both show the rocks along their baiilcs. Back of the railroad 
Htatiuu the ridges west of Galena Creek sluiw the Archean gueituies. 
The lower qoartsite bed forminur the base of the aedimentary aeriee was 
not reci>K"'''t''l Ix^rp. but flie su< < t't'ilirifj reddish caiMis ar*- o\ filuiri by 
a bed of quartzite 20 feet thick, dipping 15'^ E. itiU) tlie hill and stand- 
ing up as a bold reef or wall above the shales on either side. The soft, 
mieaeeons shalefl above this ahow an intruded abeet of chooolate>oolond 
porphyry, also upturned and fnrnitn<r n brnlcpti down ledge, succeeded 
by grasay alopea covered with the buff debris of shales, which extend 
up the ridge for a half mile^ until a limeatone bed ia seen, also nptomed 
and weathering aa a wall. The ridge above shows nearly horizontal 
beds of wliit»> linipstonps. From Belt ( rtck to the settlement the 
beacheti on both sides of jtho creek show the shales and intcrbedded 
limestones of the Barker formatioD, which are conformable with thoae 
Been on the ridge to the west, though the dip is less, being but 15'^. 
These am seen to be intrmlcd by a dark l)asie sheet of j^rne<>ii«» rock 
(minette), 4 feet thick, near tlie mouth of (■nieua Creek and one-eighth 
of a mile above, or north of the railroad. A 30<fi)ot dike of granite 
]>orphyry, an oifshoot of the Hixea Baldy maaa, la seen on the weet 

(right) side of the creek. 

On the slopes west of iiarkcr tiie Cambrian rocks are cut by an 
intmaion of porphyry. The Garter mine ia altnated on its contact. 

The shales extend several hundred feet up the slope, and are overlain 
conformably by the Monaieh limestones. At the mouth of tJold Kuu 
the shaly limestones of the Barker formation are seen in the bluff and 
knoll to the north^ baok of the post-office. On the east aide of the gnleh 
they are seen fn coTitact with tlie iiranite porjihyi'v nias^ 'ISTixe-^ Fiably 
intrusion), about (»0U feet from the forks of the cieek. Above the set 
tiement the wagon road to the miuGn followa a bench on the east side 
of the creek, on which no exposorea are seen, but the di'bris is a rusty 
■weathered, rotted porphyry, wliieh extends to the forks of the creek. 
At this point tbe road ascends the slope and runs aroaud the ridge 
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separating Galena Creek from its branch, Green Creek; the ground 
■Imiwb ooeasional exposures of syenite, and oaraftil ennunafeion aliowa 

that (Galena Creek defines the boandary between a mass of coarse- 
grained syenite and a porphyry mass east of it, the exact ooutaot not 
being detemdiiable owi 1 1 g to the tunoant of drift and d^bria. 

IQNEOL S liOCK.S OF BAKhKii liisliii* 1. 

Igneous TockM are exposed over a large part of the Barker district, as 
shown by the geologic map, PI. XLL They constitute the most impor^ 
tut clemeiit in the geologic stractore uid history of the region, «id 
merit, therefore, a somewhat detailed acconnt of their occurrence. 
They are all intrusive rocks, but vary considerably in character as well 
16 in msDner of oeeaiienoe, ibr Trhfoh reason they ^vill be deeeribed 
nuder the following titles: Intrusive shee ts iiiid dikes, Mixes Baldy 
bysmalith, Barker Mountain laccolith, Hoghesviile eyenite stock, and 
Qtoudemiin Mountain intrusives. 

UfTRlSlS'K sriBKTB .VXD DIKKA, 

The igneous rooks occuiriug as intrusive sheets in the sedimentary 
strata are conspicuous features of many parts of the disferiet, as they 
lesist weathering better tiian their ineloaing sivata and oilen tatm elilb 
and reefs that are important elements of the tnjKUTaphy. 

Chocolate jfifrphjfrji, — The most important 8iu<j;le iutrusive sheet con< 
sists of a roeit whose dark-tnownish weathering suggests the dedgna- 
tion Obeoolate porpliyiy and gives its name to a small stream cutting 
through it. It occurs as a sheet of varying tln(^knefj«5. ititrnd^d in 
Gambrian shales and found at nearly the same hori^u in many parts 
of the dlstriet It Is well exposed along Dry Fotk of Belt Qteek east 
of Barker, where it forms a low cliff alongside of the stEsam. At Che 
junction of Dry Fork of Bolt atid Galena creeks it is seen near the 
water level and can be traced in almost continuous exposure eastwaid 
lb(F0 miles up Dry Fork of Belt Greek. The thickness TBites at dlffai^ 
ent points, but is probably about 50 feet most of the way. In the riifT 
beside the wapron rofwl the rock shows two ])ha8cs. In the prevailing 
type it is dark-brownisb colored and breaks with a squait) and sharply 
defined Jointing, while its assoniatsd ftnn is pinkiflh and has a apli^ 
roidal weatheriufj:. Under tiie microscope the two rocks are seen to be 
so similar that tliese diflerences are merely superticiaL About a mile 
below Blenkinsop Creek (the stream followed by the wagon road to llie 
JndUti Basin) the Ohooolate praphyirintRisivB splits into tiiree sheetSb 
T!io lowest was not infrisiircd, as its base was not seen. It is separated 
by GO feet of shale fh>iu a uiiddle sheet 15 feet thick, and this is in turn 
separated by 12 feet of baked and indnrated shale from Out uppermost 
sheet, which ia 6 Ibet thick. The intrnsiTO haa a dip of UP K., 
oonformable to that of tlir inflosing shales. 

Farther aoath in the exposures revealed by Dry Fork of Belt Greek, 
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abttvie the point where the Judith wagon road leaves that atream, the 

Chocolate ])or]>liyry sheet is more irregular in its occurrence, and forms 
high clifl's and extensive talus heapiugs. Its stractural relattODS in 
this locality were not determined, bat the ezpoenres aetnaUy seen seem 
to indicate that the pipe or eondnit is located near the mouth of Gray 
Gulch. It forms clitts l.'tO feet high, the rock it-^st ing ui)on baked Cam- 
brian shale seen lu a 5 foot exposure alongside the creek. The woatern 
bank of the creek shows 7 to 8 ftet of baked shale overlain by 100 fieet 
of nnaltereil shale extending to the summit of the bench, so that citlicr 
there is a fault or the porphyry lias broken thmnfrh tlie sliale here and 
iorws an irregular intrusion, whose sharp boundary wall has been 
reniOTed by the down catting of the ereek. The roeks here strike with 
the creek and dip to the cast. The igneoas rock weathers in craggy 
masses, is well jointed, and forms rough d«'bri9 piles. The rock shows 
a variation in grain, one form breaking into the sharp-edged blocks 
typical of the Ohoeolate porphyry; the other fbmif which oeenrs mixed 
through the iirst in stringers and masses, is much more altered and 
weathers iu fissile, rounded, crumbly masses. V\y the stream the under- 
lying shales pass underground and the creek cut«i the Chocolate por- 
phjny. In the park above (at Grandall Greek), as well as on the graai^ 
ridge h lua between the Bip Baldy Monntain fork andthe main stream, 
the overlying shale« are seen, the remnants of a higher sheet of i>or- 
phyry forming knobs on both sides of the western tributary stream and 
a ztdge on tiie rast. The cloeeness of these exposares to the margin 
of the Big Baldy intnuion saggeste ite piobable connection with that 
mass. 

The extent of the Ohoeolate i)orphyi7 intnnion is tdnstrated by its 

occurrence at nearly the same stratigraphic position in the slopes south 
of Dry of BeltCreek. The linu*sto»»es of the Cambrian form little 
hiliocktj, se^iarated from the quartzite and the underlying gneiss by 
depressions or saddles worn in the soft shales. The porphyry is soen 
260 feet above these saddles, wftli 200 feet of shale between the intra* 
Bive sheet and the basal quartzite. To the northwest the (i«artzite 
forms a dark, rusty, black ledge, which is readily followed along the west 
aide of the baain out by Ontario Creek, the dip being 30^ to 40^. The 
Ohoeolate porphyry is 40 to 50 feet thick and forms the crest of a stec p 
ridge or is seen running down the slopes on bntli sides of the ridge in 
ledges. The actual connection of this exposure with that seen on Dry 
Fork of Belt Creek was not traced ont. 

West of the junction of (Jalena Creek with Dry Fork of Dclt Creek 
the Chocolate porphyry sheet is seen forming a broken-down ledge on 
the open and grassy shale slopes a short distance east of the railway 
bnOdings. The sheet ia tilted, dipping 45o E., conformably with the 
btisal quartzite ledges seen near by. The intrusion can be traced west- 
ward at this horizon 2 or 3 miles, but has not been recognized in this 
locality south of Dry Fork of Bdt Ofcek. The Ohoeolate porphyry 
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shows almost uo v^ationB in ehanctcr tbroagbout the entire extent of 
the exposnres jast noted. It it a distinctly porpliyiitio raek, of a gn^ 

or pale pinkish hrown oolor on frt>8h fOutmny but genemlly ooiyiered 
by a brownish crast of altered rock. 

Opaq ne wbite feld spars are the most oonqdeaoiu pben( >c ry 8 though 
flue needle-Iike prisms of hornblende are 0Uf move abandiuiti and glla- 
teuing tablets of biotito mica are also «een. In most of tho expostirea 
these dark minerals are green, being more or less altered to chlorite, 
and iha ibldspan aie deoomposed and plnUsh in ootor. HioMMOopio 
atndy shoVBthe rock to be a rhyolite porphyry. 

Blenl-insop Creek intrusive xheet. — The Oarboniforons liraestones 
exposed in tlie ravine oat by this stream dip gently np the creek, the 
angle being leaa fban 10^. Thegr are intraded by a eheet of porphyry 
estimated to be 50 feet thick, whose characters are similar to those 
already described. The rock is ffmy and shows a stipplinjj of nmall 
white feldspar pbenocrysts and altered hornblende-micas in a dense 
pinkiab*gray gronndmaee. Tbe rooik is a variety of rliyolite-porpliyiy 

Velatetl {<) the Cliocolate porphyry slipot hrlow. 

Trachyte or bostonite iheet. — A sheet of light-colored rock cnt by JJry 
Fork of Belt Greek above the Sheep Creek parks ebould also be noted. 
TiM Toek forms a low bench, with an apron of debris in front of it. The 
sheet oecnrs in Cainbrian slialc but a few feet above the Flathoad 
qoartzite and is chietiy interesting because of its peUrogruphic char- 
aster. It Is deeoribed in the appended paper by Froibssor Pirsson. 

Sheet of Wolf porphyry. — The upper Nluet exposed on the north side 
of Dry Fork of Belt Creek, east of Barker, con<;ist.s of {jraiiito ])or- 
phyry of the Wolf Batte tyiie. The sheet is regarded as an ottsiioot 
of the byenialitii mass of Mixes Baldy. It ts exposed by the road oat- 
ting east of the railway terminus, and forms the grassy beneh on which 
the cemetery is 8itivit«'<I, r>y its dt'liris and aji occasional exjHisnre it 
is traceable eastwaiU an far a^ Bleukiusop Greek. It graduHlly thins 
ont and is bat 80 ibet tbiek at the latter locality, where it appears to 
suddenly wedge out. Its upper surface forms a very marked sloping 
Iwnch. wliich is 400 foot above the crvok 2 miles east of Barker, but 
which descends westward and is Lraceable along the slope to Galena 
Greek. Tbe interval between the base of this porphyry and tb» top of 
tlie ('hocnlate porphyrj- is not definitely known. It must be less than 
100 feet at the eastern end of the sheet and but a few feet at the month 
of Galena Greek. The dikes observed in the shales opposite Barker 
are believed to be an extensioD of this sheeti bnt a mile west of Barker 
tin trwe nf it was fonnd. The rock is a somewhat altered^ denser 
variety of the Wolf porphyry type of granite-porphyry, 

JftiMfte rlkwes.— Besides the Chooolate porphyry just described the 
shales of the district are Intraded by the rocks occnrring both as dikes 
MTi'l nlK'Pts, Thf' most eommon of these is a sheet of darl: tr;ip-like 
roiik, wliicli haa been foaud in almost every {tart of the district as an 
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intmtiTe sheet. This, though only 4 to 5 feet thick, is of widespread 
extent, being found on Otter Mountain, at the mootli Of Galena Greek, 
on I t ] ( r i>ry Fork of Belt Creek, and filling the outcrop of the Cani' 
briau Hhaleii lor several miJes up aod dowu the coarse of that stream, 
lake the trap-dike reeks of the distriot, It la too mnob altered tot posi- 
tive identification, but may be classed a» a miiiette. 

Intrusire sh€et/< of rngefiite h't;'-/ a Barker and Monarch. — Four luik-s 
west of Barker the wagou roa<l dowu Dry Fork of Belt Creek is cut 
Mtosa Che ooterop of dark baato loeka intnuive in the ahalee. Tlie 
•heet beside the road is |)erhapB 35 feet thick. The rock of this expo* 
sure is clearly a lamprophyre. It is soft Aud alt<re«l. of a dull gray 
color, with a glisteniug luster, aud shows no pbeiiocrysts. The expo- 
sure abowB the nanal eoiioenttio tiowlder weatberiog oowmon to andt 
rocks. The secoiul and upper sheet is exposed to the little drainage 
from Barker Mountain at this locality, Nvhere it cansos a waterfall, o win 
to the hardeuiug ol' the shales aL its coulttct. The lower sheet is 
eo^oflod alongflide of the read for » mfle or more eaatward to another 
stream oominjj dowu from Barker Mountain and opposite the iioint 
where the ^eihart trail crosses i>ry Fork ot Belt Creek. On the oppo- 
site side of Dry Fork of Belt Greek the clifiT alongside of the creek 
■hows a wall of columnar rook that is ondonbtedly part of the sheets 
that are exposed on the north side of Dry Fork of I'elt Trrpk. There 
are really two shetsts, the lower 14 feet thick and the uptier 25 feet 
thick, separated by 8 Ibet ct Cambrian almlo. The latter looka an 
baked and hardened for some distance above and below each sheet and 
between them, the contact action beingr noticeable for ut least Kt to 16 
feet iiom the contact. The rock shows the same oouceutrio weather- 
iug, s|)herical aheets peeling off roanded, bowlder-like maaaea. The 
rock includes fragments of the shale and alao of the underlying gneiaSy 
so it is probable that the rock came up here and 8prea<l out as a sheet 
in the a^jaceut strata. The beds dip at 20° to 25*=> to the south, or 
directly opposite to tiie prevailing dip of this yieinfty. The shales 
above the upper sheet are much cotitracte<l and puckered. They show 
an unusual amount of alteration, seeotulary minerals being develoi>ed. 

Jjikeg of Barker duitrict, — The dikes of this district are comparatively 
fow in nnmber and play but a minor part in the stractnre of tiie region. 
They are mainly dark basic rocks, which in most exposures are too 
highly altered for petrographic study. Light-colored dikes also occur, 
but they form tongues of the Mixes Baldy mass and are therefore noted, 
tai the aoooant of that plotonio plog. «Tbe dikea obMrvod oat the sedi« 
inentary rocks, and in one iustanre the massive prannlar syenite near 
Uughesvillc Their ooourreuce is shown upon the geologic map, but, 
owing to the ready deoompoeition and weathering of the baaio rooka, it 
is probable that ftariher study would add to their number. 

On the eastern spur nf Barker Mountain above the Kibbey divide a 
12-foot dike of dark-greeyish miuette cuts through CarbonifiBTOua lime- 
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aton^ whldb aie marinorfaEed imw Hs eoutMt Dikes of atinOai rock 

occur on the 8loi)e8 iiortli of Dry Fork of Belt C^rt pk a mile east of 
Barker, and another oue a LaU' utile beyond. Similar dikes were 
oliMirved 4 tnites north of Barker aloiigBide of the Monarch wagon road 
and near the intrusive sheets of vogeaite noted In the preceding pages. 
A (like eattiri*? the nu^hcsville syenite stofk is exposfd at tin- Wri-ht 
and IMwards mine and iu the wine workings. Tlie dike is abont 'M 
ftet wlde~-a dark basio rock that foam one wall of the lode. The 
rock is dnll oUye-gray in color, is hard and dense, and rings nndv the 
hanjiner. It nhows large phenocry«ts of frackk'd, frlassy, pale-brown 
quartx and of vrliite or faintly brownish decouiiK>sed augite iu a very 
donse gnmndnutaa. The rock is regarded as a kenHUitite. 

HOORRSTILUt SYBVin STOCK. 

The center of the Barker Basiu is occupied by a mass of coarsely 
flrystalline granolar rock, which proves upon mierosoopic study to be 

asytMiitf. The area ciivcrod by it is nearly fin nlar in outline, about 
a mile across, and is eroded into low ridges and hills forming the basal 
slopes of Barker Blountain and lying west of Galena Creek. This tract 
is generally smooth and roande^ showintr only ddbtls and soil, and at 
thp pri'^ont thnc is open, the timber bavin? boon biirnod nr otif oflf. 
Galena Creek detines very nearly the eastern boundary of this syeoitC} 
while otiier portloM of its oontaet are in imrt also defined by small 
drainage ways. The rock is gnuinlar and weathers down, so that no 
good natnral PTposnrps orrnr, and goo<l specimeim of unaltered rock 
can be obtained only from the varioas mine openings made in it. The 
syenite fimns a **8toGk" — an intmsiTe mass breaking abmptly through 
all other rocks. It is nearly surronnded by Carboniferous limestones, 
tlu' oldor roi ks sliowinK on its southern border, while to the ea^t it 
adjoins a mass ot iK)ri>hyry. The sedimentary strata along its west 
contact are on edge or dip at MP toward the syenite, bnt this attitude 
may not be the result of the intrusion. The strata are altered by con* 
tact metamorphism. The rontsu'f is generally marked by decomprtsf^fl 
rock and the presence of many shallow prospect pits and refuse duuip^. 
The rock is exposed on the creek banks above Hnghesville. It is mnoh 
jointed and airen'd, even the froslicr material from the under;rround 
workings being cracketl and seamed with pyrite lilms. The nx k is of 
>a grayish or rarely purplish-gray color, and shows light reflected from 
the flat sarftees and narrow cross sections of tabular ibidapara lying 
iu a coarsely crystalline mass dotted u ith the sinall formless masses of 
dark ferromaguesian minerals, mica, and hornblende. 

The rock at the Barker minete slightly liner in grain than that at the 
Wright and Edwards mine. The latter ndne is on a shallow drain cut 
in the center of the ridge between Galena ('ro»>k and Green Creek, the 
contact being farther west. At this mine very fresh material has beea 
extracted in driving a oroesont tonnel^ imt the- greater part of tiie 
20 GHOL, FT 3 33 
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IQifctQiriftl on.' the luiue dutni) consists of a muck altered rock of a lightwr 
greenisb or white color and holding much pyrite. This alteration con- 
sists iu a sericitizatiou of the feldspars aod leacbing out of the dark 
mitierala. At a shaft weat of thla miiift the took has been altered to » 
wlilte porous material resembling loaf sugar, aud consisting of qnartk 
and seririte, the latter mineral giving? it a pearly luster. 

The Wright aud Edwards tuuuel cuts the syeuite for about 200 leet 
before eneomiteriiig a vein. The waUs show the eyenite to be fraetared 
by eiy;ht or more fraotnre or sheeting planes, runiiiiii,' nearly northeast 
and southwest, with slight reticulation by lesser cromi iractures. These 
sheeting planes are mai ked by rusty iron-staiDed lines and a few inches 
efleaohed and altered rook. 

BABUB MOrariAUr LACOOUIH. 

Barker Moantatn is a broad and rounded moontain mass whose 
snmmit reaches an altitude of 8,1 li' teet^ — 2,000 feet above the limestone 
platt-an north of ^[onaich and 3,000 feet above Dry Fork of Belt 
Creek or the Kibbey Basin. The mountain slopee are well timbered| 
largely with pole pine. A small part of tiie snmmit is bare, as tbe 
platy dt^bris of porphyry affords no soil or foothold for tree growth. 
The lower slopes north of the monntnin show good exposures, aud 
isolated ledges are seen above Barker, but the forest effectually con- 
eeala the reeks in a general view. The moontain is a domO'Shaped 
uplift. ])ro(lueed by a central body of porphyry. The igneous mass has 
been bared by erosion, but is as yet sliglitly scored by gulelies. and 
over cousiderable areas on the west and south slopes presents what is 
probably tiie nppor sorfiMse of the laoeoU^. About the eentesl wn 
the stratified rocks may be seen dipping away on every side. The 
lower or under side of the laeooKth is nowhere exiMsed, but from the 
observed stmctaral relations it is probably not the flat floor of the 
ideal laccolith, but a carved or war|)ed one. The horizon of intmsion 
is probably the Tanibrian slialee immediately above the solid resistant 
floor of Archeau rocks, and the base of the laooolith probably conforms 
to the andiing of this snrfiMe doe to the uplift of the range. On the 
north the laoeolith Iwa broken up through the older formations and 
the igneous rock is seen in contact with the Madison limestones. 
This pecaliarity ia also noticed in all the other laccoliths of the range 
htmt. It is believed to be the result of a eommou oaose, and shows 
that the intrusion and doming accompanied the iblding of the xaoge. 
Tlie roeks generally show no reeopnizable evidenee of movement or 
shearing since consoiidatiou. The uplifting aud arching of the lacco- 
lith SO doee to the borders of the Arehean rocks resnlt in a very sharp 
folding of the stratified rocks. On the south side of Dry Fork of Belt 
("^reek the strata are seen dipping steejdy nw-.iy from the gneissic area, 
aud tiiis dip uxleuds northward across the creek un the lower slopes of 
the mountain. At liigher elevations the dip suddenly flattens, and 
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tbe Cambrian shales which form the benches and lower sIo{>e8 along 
Dry Fork of Belt CrtM'k pass iTinler the Moiiftrch ami Mjwlisoii lime- 
8U)De8, but are exiK)tieil again above these rooka, between theiu atul tbe 
porpliyry area. Near the raifaNMid terminna tlie beda dip northwafd, w 
toward Barker Mountain, at 45°, and the second spur west of Galena 
Creek shows tbe Monarch limestones thus tilted. In the mountain 
slopes opiiosite tbe town limestone cliffs are seen, appearing nearly 
borixontal wbmi aeen ftora 1ib» towitf though nally dipping gmUfy 
toward Barker Mountain and forming the edge of a basin fold whose 
central mass of Oarboniferona limeatones forma the eastern spare of 
the mountain. 

Tfao onrving or warpfaig of tha atratiflod rooka about tho porphyry 

mans is esjiecially well shown along the course of a small creek, whose 
channel is parallel to and follows the western contact of the porphyry. 
The drainage is out in the soft Hbales, but on tbe western bank tbe 
ttmaatonebadaaie aeen liaing with theoreek and oorvlagwitik it anmnd 



the numntain flank. Here and there little patches of porphyry— rem- 
nants of an intruiled sheet — are seen eai)piiit,' The limestones. The dip 
is about ^MF away from the mountain. The |Mirphyry surface is readily 
diatlngoiahed from the aedimentavy areaa, aa it ia covered by a denae 
thidtetof lodgepole pine and down tlmbert in- marked contrast to the 
open or s])ar8ely timbered sedimentary areas. The western slopes of the 
uioiiutatu are smooth and rounded, and form a great cuucboidal surface, 
like part of a huge aphere. The anrfaee ia slightly Indented by ahal- 
low drains, but the general rounding is very marked. It is evidently 
the sui face of the laeeolitli, from which the shale cover has be^Mi and IB 
being stripped, and shows nearly tbe original face of the intruded mass. 
At the lower bordera of tbe porphyry area the thinly bedded limeatonea 
which occur i!i the shales of the T.arker formation are seen in imbri- 
cated outcrops slieatiiing tiie porphyry, like the scales of tho cup of an 
acorn. The porphyry contact is not reguhir along the southern slojies 
and does not mn uniformly about the alopea. On the middle aonth 
apnr the contact eztenda down to S,70U flaet, the Oamlnten shalesy which 
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are much baked, dipping steeply »way from ttie porpliyiy niifaoe, bat 

flatteniug out to 20'^ a hnndrcd yards fi oiii it. 

The eusteru spur of the mountain runntu{( down to the Kibbey road 
shows a sharp synclinal folding where the beds upturned by the 'Bar- 
ker and Otter Momitain laocoltthB meet. For several hundred feet 
above the divide the Carbonifernns limestones dip westward, or ttito the 
mountains. At 4€0 feet above the road there is au abrupt and sharp 
change, the ineltnation being ontvard, or away flrom Barker Monutaln, 
the dip being 45°. The recke areeat by a lii foot dike ot ^^reenish rock 
(miiietteU f rendiiifi' to the syenite area at Hiifxhesville. The roeks adja- 
cent to the dike are marniorized, this effect being the more noticeable 
since there is no appreciable alteration or bak i ng of the strata near the 
laccolith contact. The little creek emptying into Dry Pork of Belt 
Crct'k below the milroiid terminus, heads in the saddle. 1,100 fret 
above the Kibbey divide, marking the coutaut between the laccolith 
por]>hyry and the bine Oarboniibrons linieetones, the galch 1>eing 
eroded along the contact. The beds dip 50^ E. and strike nearly 
north and 8oath. the dip being up the lower thinly bedde<i limestones 
of the basal i>ortiou of the Madison limestone series. The porphyry 
elide roek extends down 400 Aet below thesommfton the eaatem spnr. 
A detached bare knob, lOO feet lower than the main summit of the 
mountain, i.n not shown on the map. The porphyry near the contact is 
dense, whitish gray, and shows small feldspar phenocrysts. 

Bariur |N)rpJ^^.->The main mass of the monntain is formed of a 
finely crystalline or tjrannlar l oek of p:rny color, dotted with 1nr<re white 
feldspars, and peppered with green hornblende and biotite. It is a 
rock recalling many dacitee, and from its appearance alone might be 
called » mica-hornblende-dacite porphyry. Its chemical composition 
and detailed microscopic study slniw it to be a variety of grjinitc por- 
phyry, and it is designated the harkcr porphyry. As already noted, 
the other laccolithic rocks are like it or near it in character. Very close 
to the ctmtact with the sedimentary ro<;kB tlie Ilarker porjdiyry is 
dense and slate like, splitting into 'hiu, irrt guhir jdatcs parallel to the 
plane of contact. These plates, upon wvatheriug, break into small 
angnlar or sherdy fragments, owing to a network of minute joints. In 
places it is a dense felsitic rock, carrying scattered qoavts phenocrysts 
and showing no visible hornblende or mica, and is thos a rhyolite 
poqihyry. 

OTTER MOCKTAIX LACCOLTTn ASD ISTllfSIVK 8HKKT« OF CLESnKJOtlfl MOl'NTAllt. 

The moniitaiii sln])e>^ inclosing tlie Hnrker Basin on the north are 
part of a mountain mass jutting into the open country of the Judith 
Basin, and owing its relief to a lacoolitblo uplift and doming of the 

strata. Th^ 1 k ■ nlith of igneoas rock is revealed by the sharply incised 
drainage on the western side of Otter Monntain, and althou«rh the 
dome has not been dissected far enough to expose it elsewhere, the 
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overlyiug cover of sedimeuts shows by stroctare the nature of 
t1i« nplifb. Tliis i«i ttie more notioeable alnoe tlie syncUnal basin between 

thitmouutaiii mass and Tajiur Petik shoWBa trough of qoadr ant slinlcs. 
wliile the Cambrian rucks which are seen on its summit arc 2.r)(Mi feet 
above the Cretaceous rocks on it^s western aud northern sides, showing a 
li ft i n g o f at least 5,000 feet produced by the Intrusion . On the eannnit 
Ihe betls are nearly flat or dip gently to the northeast. On the south- 
east flunks the dip is 'JO"" tn 3ll<^ away from the cent<T of ihv mmintain. 
To the west the dip changes, aud there is a local <-ruiiip]iitg of the 
shales. The flummit shows Cambrian rocks, the alternation of shale 
and limestone producing tables, t-liHs, and slopes, which are parked or 
opi'n grassy slopes with jtatches of timber. A minette dike, 4 feet 
wide, and trending 2«» J':,., crosses the summit. The laccolith is 
intmded in the Cambrian rocks as nsnalt and between it and the gneiss. 
The mass imist hp Inrjrp and thirk, as may be Judged by the sise of the 
arch and the vertical extent of the nplill. 

The little creek draining an amphitheater cnt in tiie north side of 
Otter MonntMD shows an excellent section of the strata ov«riylng the 
Madison liiiH'sfnnr . Tli.' licils dip away from the mountain at 
The contact was not visited, but tiie stream drift shows an abundance 
of qnartsite of light flesh color, ]nnk, and gray, running into a fine 
conglomerate witli pebbles oue-fonrth of an inch to 4 inches aerosa. 
Extensive tal" ^' 'pt's of iM»rphyry ate seen on the higher slopes, and 
the stream diitt contains an abundance of the deuser contact forms of 
this ])orpbyry, and of the dense homstones prod need by the meta- 
morphism of the Cambrian shales. The structote is that of a breached 
anticline, and is very evident wla'ii tlip niomitain is seen from the open 
country west uf it, us the strata are seen wrapped about the ix>rpbyry 
core. The common form of the porphyry is a dense lavender^lored 
rock, dotted with occasional phenocrysts of white orthoclase, and 
s|)rinklf*d with minute black needles and scales of biotite and horn- 
blende. It is a vaiiety of rhyolito porphyry. A very dense fclsittc 
rock also oceors, which probably represents a cootaet form of (he wek* 

It is a ji.'ilc, faintly si Ornish ;:Tay r«n k, dotted with voy dark pupla 
spota. iimull feldspars are the only phenocrysts seen. 

Like roost laccolithic intrusions the Otter Mountain mass is accom- 
panied by, or bordered by, sheets IntmsiTe in the sedimentary oover. 
T?H'sp sliects are seen near the contact on the west side, but the exain- 
iuatnm was not thorough enough to prove their presence on other sides. 
The remnants of sheets which cap Orowa Butte and vidnity may come 
from this or from the Barker Mountain mass. 

The Clendenniu Mountain msiss is a separate elevation, whose sontli- 
eru slopes are covered by heapiugs of porphyry slide rock, which cou- 
ceala all roctc In place. From what is seen in the mines and on the gaps 
at the head of the basin, it is evident that the mountain is carved out 
of the aoatbward-dippuig beds forming the south side of the laccolith 
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•ottetlne. The bed* are penetMtod by l«o or mere iltdtk dieete, loetOy 

thickened and perhaps forming Hmall loccolithB. The sheets have been 
cut across in tlio erosion of the basin, and the mck thus forms th^ talus 
heapings seen hei-e. These slopen shut in tlie basin above llugbesviile 
ftud eztead westward neerly te the fUbbtgr divide end eastward to the 
gap north of Mixes Baldy. The rret-k lieiuliiig in the latter giip defines . 
the boundary between it and the mass of Wolf iiorphyry to the south, 
a road to the Monlton and Tiger mines being built along the base of 
the tains. Hie porphjxy debris oontaios some Umeatone and shale* 
The mines are loeated on a vein in the porpliTiy nsar the limestone 
contact. 

The rode is mapped as a syenite-porphyry. It ia ainaigninsd, dense 

rock of a ligh^pink and gray odor. It shows no porphyritic quartz, 
and bus an audesitic look, but proves npon microsro|ii<- ^'Tnminatiou to 
be a variety of rbyolite-porphyry. It might perhaps bu clus^ed as a 
qnarts-miea- porphyry, as itsliows phenoerystsoforthoelase, plagioclase, 
and biotite in a groundmass of quartz and feldspar, so that although 
it was grouped with the syenite-porphyries in mapping, it is more closely 
related to the Barker porphyry. The border fades of the Otter Moun- 
tsin laooelith is a rhyo1ite>pocphyiy. 

The ro< ks near the Tifrer mine are nheared, showings that they have 
sufl'ered movement since consolidation. This is believed to be the 
itsalt of loeai thrust prodooed b|f the intnision of the Mlks* Baldy 
mass, wiiich \a. on tills and othtt evidence^ believed to be later and to 
eat off this zoelt abruptly. 

MUUC8 BAIJ>T INTRL-BIVR MASS. 

Theeastern part of the Barker Basin, tofreth< r M-itli Mixes Haldy and 
the peaks soath of it, is oat in a mass of Woit porphyry. This great 
body, whloh is 1^ mites wide and 2} long, and forms several moantain 
peaks, consists of a nx'k which is very uniform In appearance through* 
out the whole extent of the body. It is a dull rusty j^y, with very 
pruuiiueut phenuorysts of smuky colored quartz and larger ones of 
white Mdspar. It is distinotly porphyritle, the quartz grains giving 
it a general resemblance to a conglomerate. The variations in texture 
occur near the margin of the mass and bear a definite relation t-o the 
contact plane, or the thiekue^s of the oiishoots fr-om the parent bmiy. 
This niiiA>mli7 of character indicates what the Held observations 
prove, that the mass is a single one, formed of a sin^de body of magma 
iiyected at one titne and by a single act. The rock la crumbly when 
weathered uid does not form conspicuous exposuies, and the slopes are 
generally smooth and roonded. On the mountaia sammits the rock is 
exitnsed, but is more or less alters!. itmI *hr rn'-ls rrumble beneath the 
hammer. The surface is covered wtilt the cuarsu pearly sand into 
which the rook disintegrates, and in which the large feldspars, often 
an inch or so long, form conspicuouM features. The rock is a typioid 
gnuiite>porphyry, UIm that of Wolf Botte. The qnarts pheneerar^ 
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axe large, bat eraoked; the i^nadiDam »pp«ai« graniilar and like a 

fine granite. 

Oold Run iHuin. — The mountains 8oatli of Mixes Baldy form tho rim 
of tbeampbitbeaters oat in the muss by Gold Huu. Thesamuiit i» tiat 
and gently nmnd, open, and parked with gnyves of wfnd-svept pines at 
the edge of the slopes. A few craggy exiiosures wliidi <H i'nr oti the 
edtres of the snmniit are particnhirly noticeable, as the big feldspar 
pheiiocrytitM give the rock a bizarre ap()earaiice. More coiiiiuotily the 
mmmit ahowa only the aasd nwnlting frooi the weathering of the rock. 
The ainj)hithefiter or basin of Gold Rnn Is also cut in this rock. It is an 
extensive basin, with very steep slopes on the east, aud separated by a 
big densely wooded ridge from the Tiger mine branch (tf Galena Creek. 
The basin is generally woodeil, save in the center, where a aloping 
r'v:\<^y bench suggests a f )i:itf tce of rock, though it proves to be alsocnt 
iu the porphyry. In the bac^ii) the creek cuts rather deeply into the 
roek, and about a mile above Barker crosses a naaslve exposure of the 
granite-porphyry, 200 to 300 feet high, cutting a deep trench partly 
through it and completing the descent in a very fine little waterfall. 
The outcrops here are especially good and very picturesque, as the 
Wolf porphyry weathers into massive eraga, which on the right-haad 
side run toward the hill in smooth slopes dotttd with castle like and 
hoodoo forms of erosion. Some prospecting has been done on leads iu 
tlus rock just above the falls, as well as farther up the creek, the ores 
being galMia. Similar prospeeta were observed la flie roek a mile east 
of Hugbesville. 

The praiiite-porpliyry mass is an intrnsion that has broken through 
the previously tilted liuiesLones aud other sedimentary strata, subse- 
quent to tiie formation of the Otter Honntain and Barker Honntaiii 
laccolith^. The Mixes Paldy mass is not a laccolith. It is to lie classed 
as either a bysmalith or a stock. The sedimentary rocks about its 
borders are, for a short distance from the contact, very steeply upturned 
on the eaat^n and northeastern flanks, but on the three other sides 
of the mass show little if any disturlianct' by the intrusion. There is 
very little contact metamorphism, and this occurs only at the immediate 
contact. The relation of the mass to the anrroiinding rooks is shown 
on the geologic map (PI- XT J). 

(jalemt Crerk flike. — An otlshi'ot of t'lc mass, or its border, is exposed 
along the north slopes of Dry b\jvk ot Belt Creek, east of Galena 
Creek, where it occurs above Cambrian shales, and is covered in tarn 
by other strata belonging to the same age. The wagon roiul is cnt 
across it a short distanci- east of the railvraj' terminus. From liere 
eastward the sheet thins out, aud is but 50 feet thick 1^ miles east of 
Barker, where it ends as a thin wedge in the Cambrian shale. This 
.sheet is separated from the main mass of Wolf prophyrj* by a round- 
topped ridge thiuly capped by shale and limeptone. This mass is 
shown on the map as connecting with the mam ma.^s around the 
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wwt end of fhiH ridge. Owing to tlie drift mid noilf it is imtNWiilble to 

estnblisb this Iieyond all doubt. A '.'O-foot dike of tbis rock is seen 
cnttiDg: the r:mi!)rian exi)osed on tin- west side of Galena ' ri-ck, 

one-eightb of a uiilu above tbe railroad, and tliis is believed to be a 
western extension of the intraslon jnet noted. Baeir of Bnrlcer fi. e., 
nortbeast) a siinibir dike of jiorpliyry, wbicb is of tbe Neiliart tyiw, is 
Heen cutting tbe Hnicstoiiea and atiale and trending sontliwanl to tlie 
towu. Tbe roclc contaius iu it various fragments of sbale limestone 
and » liMic igiMNNW rook. The contact of the wain nuuM i» seen east 
of tho town of Barker, on the H>utb tide of Gold Run, 900 ftet ftom 
tbe creek. 

CoMiact retatMHw.— At the tkoiden of the intrnsion it is fn vontaot 
with strata of various ages, lying at various altitudes. Near Baricer 

tbe pnrpliyry cuts across tbe stmta of Cambrian a'^c. Followed east- 
ward tbe contaet is witb suvcessively bigber and younger strata, until 
2 miles east of Barker the upper strata of the Madison limestones are 
cut by it. On the flanlcs of Mixes Rablj- tlie contact is with Gunibriau 
auaiii. On tbo north it adjoins tbe intruded "^Itppt rocks of Clendeuuin 
2kiountaiu, and the syenite mass of UugbesviUe farther down. 

Tbe strata at the border of tbe intrusion are apparently uiiaifeeted 
bj' it on tbe south. Near Barker the beds dip toward the intrusive mass 
at 15'^, and H miles i^mt of Barker the niounfaiii s?n]H>s nlso slinw lime- 
stone benches dipping at lo^ toward the igneous contact. About tbe 
bead of Arrow Greek (or Lonetree Park) the limestone strata are steeply 
upturned, dipping at 70^ away from tbe contact (strike X. 10" W.] \^ 
miles southeast of Mixes Baldy, this .altitude prevailing to the gap 
uortb of that peak, where tbe dip is SO'-' to the southeast, into tbe niouu- 
tain. The last locality is the only place where marked alteration of the 
ciitirnot rocks was observed, tbe lime-stones being niarmtHised and the 
sbale indurated, but uo contact mioerals were seen. 

The divide above the Tiger mine Is out tn limestone, the contact with 
the Wolf porphyry being 10() feet above the saddle on the south ^de. 
Thr be<ls strike N. •15'^ E. and dip at T^V tn W W.. into the mountain, 
and form a wedge-shaped block, extending down the gulub toward tbe 
Tiger mine to a point 500 (tset below the saddle. The trail above this 
mine is,bowever, cut a<;ross slopes of Wolf porphyrj' to a point 100 feet 
beb)w tbe smldle, and from there to tbe summit it fflrosses the mica- 
ceous porphyry of Clendennin Mountain. 



The regioti adjacent to tbo town of Monarch, together witb Thunder 
MouQtiiin, I*ilgrim Creek Valley, and Tiger Butte, is conveniently 
desoribed under this heading. 



The general geologio atnioture of this diatvict ia simple. The atratl- 
fledim^ have a general norlbward dip. away fiom the Areheaa oenter 
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of tlw range. This straotnre is distarbed by the dome-shaped apHfts 
of Tiger Butte and Thaoder Monniaiii, doe to laooolithio iDtrasioiia of 
igneous rock. 

The topog^raphy is varied. The most iiotioeeMe ftatnrw we llie Utiep 
canyons, presenting precipitous cliffli with almoet Ideal ezpoflOTea of 

tilt' sciliiiu'iitary rocks.' Where the c;niyf>!is ;ire cut armss the strike 
ol tli« beds both sides of the gorge show gooil exiH)t4ures, but the larg- 
eat canyon, that of Belt Greek, ehowe receding slopes on the aonth and 
steep cliffs on the nwth, owing to the prevailing northward dip of 
the strata. The two mountain masses of Tiu'er HuUe -.hhI Thunder 
Mountain dominate the topograpliy, Hud are landmarks visible for 
great distaaees across the open oonutry north of the uoantams. The 
valleys of Logging, Pilgrim, and Tenderfoot creeks show the usual 
narrow gorges cut in the massive limestone series, with broader basin- 
like valleys where the softer Cambrian shales prevail. The i-egion is 
well wooded south of Bdt Greek, but the character and relative abnn* 
dance of the timber varies with the e\]>osiire imd ulsn with the nature 
of the soil and rock; it is most abundant on nortiiern slopes and on 
porphyry areas. Up to the present time no productive mines have 
been ibnnd la diatrlet^ and Monarch is the only settlement. Pros> 
pectin p;^ has shown the jiresence of ore dei>osit8 on the flank of Thun- 
der Muoutain and Tiger Butte, and also in the valley of Pilgrim Creek. 
The iron ores of Thnnder Honntain are described in the aceonnt of the 
ore deiK)sits oi' the i ;iuge. The other deposits are silver and goM ores, 
of which small f|unntities liave been packed out over the hor8eba<k 
tjrails and shipped to the bineUur at (.ireat Falls. Limestone is quar- 
lied near the month of Logging Creek, and there is a sawmill near the 
head of the stream. With the exception of a few acres of aralde land 
near Monarch, the iHstriet is not susceptible of agricultural develop- 
ment. The high limestone plateau north of Belt Creek is, however, a 
T«y fbrtile and prodnctive wheat aroi. 

MoNAKCM ('Mi l S. 

Por several miles from Monarch up and down Belt Creek and tlie 
Dry Fork tb» slopes to the south are more or leas wooded and show no 
prominent ezpoMi res. while to the nortli ;i line of cliffs rises in grand 
exposure s«?veral hundred feet high. These i lifis of white limestone 
are largely stained by the orange color and rcddisii material from less 
jmre layers, and night be fittingly called the Orange Gliilh. Nowhere 
in the region are better and more imposing ex|x)sures of the (Carbonifer- 
ous rucks. At Monarch the brown limestones, which take their name 
from tiic town, form the valley door, aud the uliU's northwest of the rail- 
road statiou show only the Garboniferons, tlie contact with the Honareb 
liiiiestones beiufr liidden by dt'bris. Tlie cliffs seen in V\. XLIll, A, 
•how, however, unusually good exposures of the impure argilhieeoas 

> BM Ilftvl^ Tdrtli Cvwoa. V<). XI V, pw 1W. 
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llmMtones fonning the lowest member of the Garbouiferous, which are 
80 jjenorally characterized by the presence of silicifled fossils. The 
rocks are dark-blue aud dull straw-colored, eartby limestones wUea 
AMh and nmltered, bat flie weiHiered enrfiMMS and duUy fragmenta 
into which the rocks break are of a buff or r<»sy-pink coloryand fire- 
qnently show the fo.ssil.s weathered ont in relief on exposed surfaces. 
These rocks are capped by the massive block-jointed beds of limestone 
whieh are eo pronlnent in the QrauKe Gliflh and give them the banded 
effect, aa the motte auiaive beds alternate with shaly layers. The fol- 
lowing section was measured at the base of the cliffy immediately not th 
(tf the station. (See PI. XUII, A.) These ciitts are not everywhere 
porristent to Hkt top of the platoan, bat ahow a general eaoarpment of 
300 to 400 feet, with branches and clifTR above, broken occaaionally by 
ooal^es or deep and narrow gulches tributary to i^elt Creek. 



Drg Bait Moltoay Ormitga Cliffy ttf Momanh, 
OMttoltBMtohe: rmt. 

Mmsivc Cnrbonlferont llmisetoii<<«; h«avy bedded, rough snrfacid ; fortTin 

eMgs; holds rooad Iwtioalu mameii of chert np to 12 inches in diameter. 400 
Umwtoiw; fHaty sad AmUa. (Fonlls 80 fesi sboTe tba bass of tkU InmI). . 100 

Liiiieatone; muMive. (FosHils just beneath this bed) - !0 

Liineiitone, Khaly .' " i200 

Ullii stoiKi, li'sn sbaiy tliuu ftbuve / 



(The tiir«e beds last described with nuderljring fissile limeetnut; form bold 
wd bUflh sad walls.) 
Woodbnnt llni«stone : 

White limestone bod, wuaihciiiig aa ribbou led^e above iM9i:on«l line of baC- 

treasM 

S«o«ad bBttrasB line. Thin bedded liaustone, Aarrylng foMito. 

Ltoiflstona; dark gray, weathMiagbaff; ^wa argillaosoas IIims; waatbafs 

down frcqncntly •••p. «•••«. «.«........, ...... ...... .... 

LlmuKtoue, massive, 6 liBOt.... ...... ...... .... .............. .... ........... 

Limestone; very dark giagr, stternatfiiir With llgbt-giay roeka; foriMi Ant 

bnttresn line 

Limestone ; gray, compact, pure, in beds B to 10 ibsft tbiek ; forms base of 

maasive cltlfii 

LlBMstaaa; impote and ahafy; aarrias silioiAad foasila SO 

Shaly llueataaai 11^ bdF-aolond, with one-half fbot iajflia ofhatdar fiaia> 
Mtoni^ cariTlnf ahart lanaao 10 inebaa aaroas and 3 taahaa tbiak 3B 

Paine sbala : 

FliaUaliBiaatoBaa, India 10 Inah lafan; doaaa la tazMra, ahowing eroas-bad. 

ding Btniclnre S 

Banded limestones forming cliif face. Light-bull' and gray limefttoii<<H in 6 
to 12 inch layers, of rathttr hard, ruinpiK t ti xr nre, carrying chert ItrnxeKof 3 
inobaa by oao-hiUf inch, altomstiug with earthy shaly liuieNtonein Utod 
Inah bands, nanatlyof a Kgbt-badTto dark b1aa.gray color, bat vaiylug t» 
pinic when weathered. The layers are inconstant and grade iiitu one 

another horizontally 45 

Ifanaroh Umaataoa: 
K« axposoio. 
Brown llrantaaaa, 

South of Hotiflfch the eaatem side of Belt Creek ebova a line of 
oUlIh whoM limeatone beds dip at a gautle aufle downatream. Smt 
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UUbi Station, aboat 8 miles above Monarch, the Archeau gneisses are 
•MB overlain bj aandstoiiM and abate wblob are intruded a great 

sheet of augite syenite- porphyry, fipoin 70 to 100 or more feet thick. 
This roek forms the steep walls of the oaiiyon, and passes andergroaiid 
at nhtaii wbflce it Ibmia tlie rocky bed of the ereek. At this place the 
diHb to the eaat sboir an excellent section of the l<)w< r part of the sedi- 
mentary seriPR. Owinp to local landsliprt, the shale formation above 
the basal sandstone series is not well exposed, bat it can not be 
very different from that of Keefan Bntte, only a abort dtotance to the 
southeast, where it was measured in company with Mr. C. D W ucott. 
The followiii<;r section represents the complete series firom the Archean 
to the middle part of the Oarboniferons. 

Section of Ma ntrtk •/ Ml Crtekt » mUm iMttk </ MaiutnL 

OMtleliliMMoMS 

M SMire iMd of limMton*^ liwHlj baddml. tn plmem Mddldi «oloi«l. 

WlKXlharst linimtOTic : 

Fissile limeBtoues, or calcareous »little, geuurally weuihering do\ru. 80f 

Limeatone; foniis peraiflteut blnff or r«ef on slope*, gray 2K1 

LfaBMitoas^iiotahsly; upper 100 fn4 osnyiof ttUolftml fowiU ISO 

Shslw snd tlwly, dsrk-fn'oy I<<ncMoiH«. FoMilt MS of tsblo, p. 282. «. 171 

Limestone; cream colored, splintery fragments ...... ............... Si 

CoBflMSMiite; gray brown d> iQ 

Liw«stone; crsMo eolond... ................................. ...... tJ 

Threeforks shale : 

Limestone; fissile, pink to li^ht-boff ooland sllfelj bsds, belkwwd totsp- 
rsaent sbalM of Dovoniaa tO 



Limestoiif^; rough, granular, brown (coffoc folnriHl) 15 

Liniestont- ; wliito, iiiiisitive 3 

Limestone; gr.-tiiulur. l)^o^Ml 0 

LhnoatoiMj ligbt brown, spliaterj 5 

UmMtoM ; llgbt teowB, Mady sad gnmolar, pittod, with burg* eavltifla 
(tt inches), in part dn«- tn liinestono forms. Kiiiit* n f' tid odfr when 

crushed with a hammui'i we»t.hor« in steep clirts Iff 

LtmeMtoue, yellow, forming iodg« with blaok^otvesksd IMm^ but elMwhin 

weathering down to a steap slop* 50 

LtaiMtooo; foms biggest and most pranliMOt ledgo of moontsin side, 
irregiilnrly biHliiol, lilac t;i ay, ronndisb weatheriuu, im<l n seniMes 
muttled liuieatouo of Gallatin times. Ledge undercut, and forms cavern- 
ous reoencs..... 06 

YogoUmeatone: 

LlmsstAnes, thinly b^'ddeil (3 to S inobeA), alternating with ((.fneli strata 
hlinwii);; ni) laniinatiou lintn. I'linny, \(Ty ileuse, ilovi-.grfty, nut < iy«- 
tailine,breakiag wiUi block jointing and into prisms; weathers as clilfs. SO 

LinMotoMs, •Itomaleiy tblek sad tbio beddod IS 

Limestniif*. grny, wentherinp btiff. thinly hfddf'tl I'fito 24 tnchee); forms 

pediment of I'liil 26' 

Lime«t<iii<'. ibiuly hcildt-d, gray. Beneath big oUA ................ ..... 9 

limestoua, thinly bedded. Benoath big oliflte a 8 

ScyCiwkah^: 

Shale or dudyradltinwtoiie .'. 5 
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Dry Cnek ■lutle'^^tfnnMl. Vwl 

Shaly litii«»tonr. lii^hr tiluc-i;! ihiiily Wdilcil \\ liit<i Iiiu>'-.(<iiii-H, .. 15 

Shales, red, eartlij, aud tint l&iuinat«d like mioftveoiut sbalo ur lower part 

of CMHbflM. SbalM ate orninMy and of brijpht dark-red or parpla 

eolor 40 

Liinmtoite, ^ramiliir ur Mcch:iroitlul, yulluw ami red liiiu>jit<ine. with 

earthy ]>ortiotis irrogalarly diittribiited thrnufrh bod 12 

Alteroating tbioijr lidded limmtono aud oonglumerate, and graeu flaaile 

laminated tbalea ami ebaly lii&eatobM 15 

Pilgrim liiucHt' >:i>- : 

Ait-uruatiiig Ik (U i>! t nnl . itudded liiiicKt-uiii< ur ('(tuglouieriite uud »baljf 

UmeatoiK' 20 

Linieatooe. lissili^ or wbaiy. argiUac«oua 20 

Llumtoiii', <on^'l<tra«rat«<... 9 

Lmii> >i tir. ihlh >>< ; I nd, carrying a little eonglonierate. (Bod m bakod 

by iiitruAivi- inasii. ) .1.. 35 

Voloaoie aboet 40 

Uinaatoiiea, tbio bedded (pue'ronrth to one-half incb], ulri'niathig with 

micaceona ahaly limaatonM and oongtouterate. Exposure luuka like a 

pile of boacde...... 90 

Park sbale: 

Shatea, ulvaeeot)*. iMUy, bJaeb. Olwenred by landallps; thIckiiMH given 

from > '^riiiinte bModon aneroid leadlnga...... 600 

Ueitgher liuiestoiicn: 

I.inieMtoueMtflaggy^not wollosipoaed. TiiiekiMM on KoeganBMte ia 80 

feet 110 

Wolaey abale: 

Sbal*-. ]• :\iv. s^rtyiah graeD,inteaafloaa ...... .4.... ...................... 125 

Flittbead HtiudBtouti : 

Quartnite, wblto U 

ftandatone. niJtty, rotton 5 

SandBtonc, ila;;<:y. white or baff-oolond 15 

^ainUtone, (iNxile, rnaty oolerod, vaiyiug to parplieb ahrio 90 

Suudatonw. luaaaive 1 

Qoartsite, Aaggy 6 

(Jn.'irtzite, vitreoiia, iiiid luns^ive; neither wt-ll bedded iiur tinsile »)0 

Aii^ite-syunitc, intrusive 70 

8aadatODa%blaek,aQd attiznaa Amiginoaa. QQarait4<i, white aatl pink.. 99-00 

THUNDKB MOUKVAUI. 

Thunder Hoantain is the name given to the high momitaiii northwest 

of Belt I 'ark. It is oompoSed of a great muss of ignuons t < . ome 
4 inili N bioad. The outline of tbo in'»nntain is rutliiT fiat, Imt lacks 



tlie «in)«>otb dome 8hai>e of Barker and Baldy wuuiilatii.s. I he tianka 
are wooded, bat the sammit is generally bare and covered by platy 

d»'bris. The igneous mass ia not a typical laccolith, for. as described 
by Lindgrt'H,' *' it does not distnrb the sodimentary rocrks to a very 
great o.vt4.Mit; its ouly action ha8 generally beeu to turn up, ]>erliapi) 
even reverse, the edge of the nearly horisontal anrronnding (strata for a 
distance of 1.(MM» or ?.(>00 fwt." In fr<^iieral, the rocks :il»out the borders 
of the iutruHiou dip sharply away itum it. Fig. 44, copied from Liud- 

> Xmiii C«uiiu, Vol. XV, II. 7W. 
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greti, shows the genemil relations of the sedimentary rocks to the intra- 
Bion. as .'^(■on along the coiitactj* 59() feet above the creek. 

This place wms also visit«vl by the writ^'i . The linifstoiics bolonff to 
the JeiVer^ua furtuatiou aud show bat little alterutiun, although so near 
the fgneoos rook. The latter, near tlie contact, shoirA a prononneed 
platy parting, wbleh canaes it to break into saiall bitn. The lusiial 
deposits of imti ore ocrnr at the contact. The attitmlc of tht' rocks 
shown by the tigure m true only ueiii- the con taut, for if this divide ridge 
be followed southward, toward the low wooded •aaunit at the head of 
TiUiDgfaast aod Tenderfoot ereek^ it la fooud that the rooka, inatead 





rkx iiiil linipntone on sontli side orThniulrr Miiiintaill. cImMvi 



b, r<>•^<^oalll0^iIl;; limrHtoiii* (Siliin.iti i . c bliiiah Hhak'; if, hi'jiv\ llrii<>4t4trio (i 'nrkmnirrnin*). 

of dipping away from Tlmndcr Mountain at from '6° to 5°, llatten out in 
a short distance aud chaui;e to a dip of 20^ to the north, or .toward 
Thunder Meontain. The section thna eaqioeed In following the ridfe 
or divide wathwaideoibraoee the normal aaooeaaion of formations seen 
thruughont tiie n^hrn. 

In these tiptomed beds sooth of Thnnder Mbnntain eight sheets of 
porpliyry o<^-cur, conformably intruded in the limestones and shales. 
These intrusions consist luaiuly of horiiblendic iK)rpliyrie8 allied to that 
of Thunder Mountain, but. minettesaud augite-miuettes also ocoor, the 
roeks being generally too altered for deHnite recognition. At the north 
end of the mountain the 
trail from Monarch to 
I'iljjrini (Jreek follows 
along the contact, which 
is well ex)>osed at sever- 
al places. 

Fig. 45, by Lindgren, 
ahowa the prevailing 

stnicf iiial relations of 
the igneous ri>ck aud the 

anrronnding sediments on the northern side of the monntain. On thia 
side the drainages cut deeply iut4> the limestones and head in ahallow 

gullies -icored in the i^rneons nu-k. The spurs show a sajr '^r depression 
between the igneou^i rock aud the limestones, due to the presence of 
the Oambrian shales between the limestone and porphyry. This sag 

nfl'ords eii»y travelingand is the rente followed by the trail. The shales 
«how little, if any, appn-eiahle metamorphism. and it is only at Iron 
Creek, where bodies of iron ore occur aloug the igneous contact, that 

there is any metamorphiam. Here the lower shales are expoeedi and 
they are indnrated to dense homstones. It may be noted, however, 




Flii l i. I |i[iiiii<'<l lii-iU lit uoitli cuil III riniiiiirr MniititniB, 
a, d»ci(e i 6, liumv j- luuculuun i c, bUok abaie j d, aaudy liiumtoM 
(Oavoalanl. 
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Iliat the eruptive debris la m extensive and alldea down Hie alopea 

so freely that it coiicealH the actual contact plane, and It la not im- 
probable that similar contacts mij^ht prevail on other spars. The 
rocks at the Iron mine dip away from the mountain at 4U^, but tiatteu 
rapidly in a few handnd yarda, and dip about 20o on limestone knoba 
above the shale sapa, this lessening to 6° at Belt Cr eek. 1 1 is apparent 
tbat these beds are uplifted by the igneous rock, since thf.y are seen in Til- 
linghastOreek, the flat stream bottom being cut in them. The Jefl'erson 
limestones show 200 feet above the ereek at its fiirks» wlrare the beds 
dip at 3'^ down the ere* !.. 

At the point where the trail descends from the shoulder of Thunder 
IConntain to Pflgrim Oreek a mining pro.s]>eot was observed, 1,000 flBat 
above Pilgrim ( t-i ek. Tlie browu .Jefferson limestones appear 350 feet 
above the valley sliale. These beds ))rol>abIy form a sharp trough face, 
for the Cambrian shales are fouud above and below them. The lime* 
vtonaa are underlain by an intmaive abeet of poqihyry along the red 
ahale bonzon. Alon^^ the trail tlie dip is 20^ down the numntaln aldei 
at ia iplaoe perhapa 600 liset alwve Pilgrim Creek. 




Flii. 4fi.— Nnrth aoiitb s<vtion arni«ii TIiudiUt Motinlain. 



The west slope of the mountain shows the mm*' sharp infold as 
observed alongside the Pilgrim Creek trail. The igneous rock has 
pushed up the sediments so sharply as to form a trough, whleh ibrma 
clifl's, seen on an escarpment line above tlie landslide slopea of shaleu 
The exposures, however, were not visited. 

The eastern aide of the mountain was not visited. Seen from the 
south, it shows talus slopes, which are nndonbtedly of porphyry, with 
linie-tnne Ix'ds Ix low, dipping away froni tlie mountain at 30^. Llnd- 
greu' noted 'black, somewhat metamorphosed Silurian (Jefferaont) 
limestone, dipping at 15^ toward the eruptive." The valley of Tilling- 
hast Oreek is out in Cambrian shale, and forms fertile benches oeenpied 
by several rajiehes and watered bj' numerous springs. 

The Thunder Mountain intrusion is not a typical laccolith and does 
not areh up the strata about it, as plainly shown by fig. 46, as well as those 
already given. Lindgren says,^ The whole can be compared to noth* 
ing but an enormona plug driven up through the aedimeuta." It seems 

tXnlliOMum,V«I.XV.^7n. •tMtk.r.TM. 



Digitized by Google 



1 



MOVABCH DISTRICT. 



367 



to b« s*u irregular laccolitli, currespoudiug perhaps to the ty\^ of intra- 
ftion to which the name of byomalf th haa boen applied by Iddlnga, and 
its structural relations are noted later Id tiie chapter on dynamic geol* 

ogy of the mouutaius. 

The igneous rock is a variety of the Barker porphyry type of granite* 
}>orphyry. Its resemblance to the rock of liarker Mountain is men* 
tioued by Liudgren, who f^ives a dosciiprion of it under the hmhh' of 
horubleode-dacite. The rock is described in the report appended to this 
paper, and noedt no fitTfh«r oomment here. 

Between the head waters of Teuderf<f>ot and Tillinghast creeks, and 
weat of Belt Park, th«re is a low, ronnded, densely timbered noiro^n 
maes to which this name is ^iven. It is a broad imiss of igneous rock, 
from which the strnta li^f nway at geiitlp anj,'ie8 in each (lirec.tinu. 
It is so densely wooded that good exposures are rather rare, und us only 
the northern side was vlaited the online given on the map ia merely 
approximate. The lOok fa siinilar to that of Thunder Mountain, und 
nndoubtedh- occnrs as a laocoHth intraded between the gneiss eomplez 
and the Cambriiiu formations. 

YALLBYS OP PILORUf AND TENUURFOOT CREKKS. 

Pilgrim Creek and Tenderfoot Creek xullcys ure bnnid mountain 
depressions cut iu the soft Cambrian shales. They present similar 
geologie eonditlons, and at both placea there are mining prospects ftom 
which small amounts of ore have been extracted and packed ODt. The 
valleys are formed by streams cnttingr into rocks whose penernl dip is 
in the directaoa of the stream. In the lower course botti creeks cut 
deep and narrow eanyoaa threnf h the heavily bedded limestones, but 
as the dip of the beds is downstream the upiter course is sunk through 
these rrK'bs, and broader valleys are eroded in the soft miciiceoiis shales 
of the Barker lurmation. The lower benches and slopes aro parked by 
open groves of the stately yellow pine [Pimu poadsroM). The upper 

slopes were once densely tiin!)ered with the lod^'e|iole Jiitic, but arc 
now burned, und only a forest of poles remains. The harder ro<-ks are 
well exposed in the lower canyons and the escarpments which overlook 
the valleys, but the (loft shales are rarely seen except along the narrow 
and deeply cut creek c!;aTinel. 

in both Pilgrim and Tenderfoot creeks the shale vaUey is bordered 
by cliflli of limestones, the ledges running along the slope until the dip 
brings them down to the creek level, and they close iu the valley. The 
valley slopes nre often disturbed by landslides. The conditions are 
especially favorable for this, as the massively bedded limestones rest 
on soft ahaleSy whose downward dip faeilitatee slipping when the 
shaiM become soft and slippery by saturation. This ia espedally 
notioeable about the flanks of Ttiander Moantaia. 
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About tlir Iii'.kI waters of the streams thi' Iimef;tones extend down tll6 
spurs leading iuto the vaUe^'a, hs tbe dip ia dowtiMtreaiu. 

The only section ineMimid in this part of the range wan a piuiifll 
section of tho cliflFs west of Pilgrim Creek, opposite tlie point wliere the 
trail oomes flown from Tbuiidi r Mountain. The crec»k banks at this 
point show good esi)08ureA ot the Park t^balesof tbe Carobruiu, lu which 
there are ^andant foasil remains, identified for me by Mr. Walcott, as 
mentioned in tbe tirst part of this pai>er. The cliflfs to the west of these 
exfKisares show a perfect section, bat only tiie folJowing partial section 
was made: 

Orun^e i^irt'N : WmL 
l.inieslfiiies, thin bedded (lie<U 3 to B feet). 

iiliiily l>edri M 

LiniMtoiiw, block joiD(«<l, red. bn>»iU«b wa»t)i«rlog, in b«d« 3 to 4 feM tbiok. 
LfinMtone in broken led|^, obooolsto ooiorad. 

pimrl'. i \p«wril beils uf Lii,'lit ( liiicolntc-colored limeBtout-8. 

Liuif.'JitoiU!, furming proiuin«nl, li«av^', block-joiotixl leU^e, tbowiug no 

Chooolato beds: 

A Item at In heiU of thin c lwMMi ls tB' l irpwQ liueatooee sod lMiff<«i»lore<l, argilla- 
( <H.n> l>mU, tho latter Bot«fpiffitbtontt1kiekiiew. 
Jeffiirawn tormattoa: 

Choeobte-oolored Unaetooe, with lighter mmim-ueianA pwalld llovt tlrip- 
iii^ iHce of fXpOMin. 
Yogo linipstoiin: 

^l!^HiHtl^nl ledge of heftvy, SMMltr* liiiMeteii«, brawn g(»7» and lifter UiMi 

roclw above. 
Mmwii-oly bedded, brownleh^gny limMtone. 

TVih.' oftu;.- , Titrsiuidblttff. 
Dry < r^-t'k nhaie: 

Intptire, Tcry A^^ill>K'f!4lnfl, and sandy limMtone, weatboring light buff and 
■bowlag facoid markiaga, ami eraeke, and aigUbuwooa partinga 10 

OKyo'gray abate 8 

LinioHtour ; «tr;iNv . ..lornd, absljr, (htaly beddod, Impure 4 

Eed aud grecu abide 30 

Limeateae, grsf green to oUv« brown, weathering light pink or bnll't nra« 

iiaruuuit, with gramolar textnro 1 3 

(irny-grenn sbalo.... 6 

lii <l 8bule». nnd atnaw-eidored earthy or magneaiao liinKHtnna 

Pilgrim litneatoue; 

Sandatona 5 

I'o r p\|>usan; Itneatooo varying to a eonglonerate and abale 90 

Con^lumf:!ral« of limeatoBe pobblea.... 

Soft miraoaona Mbales 

Thinly beddei). impare limeatone, with atglllaeeom natter, aiottteil. and 

with rii 1 1 :i< t^riftiic weathoring.'.. .*.. 

Soft iuiciic<»<iiis ah£i.leB 

Ribbon beds or banded limeatone, carrying foaaila.. 

Tbinly, irrcgnUrly bedded limeatone in layers, 2 inchex to 4 incbea thiok« 
•v para ted by layer* of aoft, mloaceoun, argillaceoiu abalo ouefoartb ineb 
to eoe-half Ittoh thick 
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A. CLIFFS OF LIMESTONE NEAR LOGGING CREEK STATION, BELT CREEK. 
P«in* (halt, Mppad by Woodhurtt limestone 




11. FLORENCE MINE, NEIHART. 
S^iewlng m*M<>* gnriM Mitciopt and gully cut in eulciop of rain 



WMt>.] 



MONARCH DISTRICT. 



fn Pilgrim Oreok Valley, as is commonly the r in tl(*» northprn 
part of tiie Little Belt liaoge, the Mbulti.s of the Cauiuriaii lui aiuti«>n are 
intrnded 1>7 sbeets of igneom raek. Intrnsive sheets were noted in 
the Cambrian liinestnnos at the head of Tiltiriiii aixl Tenderfoot creeks, 
and in most inHtaneen prospectors have sunk shallow pits along the 
contacts looking for ore, but there are no extensive explorations at 
sitlisr plaoe. Both kioallties we at ptesent aooessible by trail only, 
but wagon roads of easy grade could be cbeaply bnilt if dovelnpnientH 
warranted it. Id Pilgrim Oreek, immediately above the main forks of 
tho stream, two saeh sbeets are seen Intraded in shales, the silveiy 
gray intrusives forming a narrow bench that defines the oatcrop of tho 
sheet for a mile or so along the slope. Tlic ininoral prospects seen in 
this vicinity are in connectioo with the upper sheet. The creek exposes 
a tblekness of sibont 200 feet of shale here, bat the shsJe is induated 
and hardened by contact metamorphism, and as the intrusive sheets 
have not produced this alteration then* is reason to hi'lieve that the 
main mass of the Thunder Mountain core lies not far bolow, though its 
Dsareet edga is seen a half mile distant and MO ieet above on the slopes 
totbesasL 



Between Tiger Butte and the high limestone platean that extends 
eustwai'd to Barker Mountain there is a broad and well-detiued valley 
cnt in the Osrbonilbnms Umestone. Xhe roeks possess a i;sneral north* 
erly dip of about fP, hut there are many small local flexures and faults, 
iu this broad, rather shallow valley Belt Creek has cut a very narrow 
trench, fi-oui BO to IfiO ftet deep, with vwtioal and overhanging walls. 
The eraek flows in a sneoession of deep and rapid reaches of gveat 
be;iiity The narrow {jorgfc has been christened the Sluice boxea, or 
tiiuiccbox Oauyon, and from the railroad, which follows the old valley 
level above the canyon, the view is superb. The genexat apfpeaxaaoa is 
w«Il shown in the iUnstraUon (PL XLV). 



This rather sharp and prominent butte is caused by an asymmetric 
or iiregnlar laocolith. The sommit and sides are formed of limestones, 

dipping away from the mountain on all sides, and arching over its top. 
The general horizon of intrusion is not definitely known, but it is prob- 
ably the Oambilan.* On thentnrth thefgneons roek has broken throngh 

to the higher beds and isin contact with the Jurassu-, and at tliis plai e 
it lian been bai ed by erosion and is exposed to view. Tiie roeic is similar 
in character to that of the other laccoliths ot the region, and belongs to 
what has been designated the Barker type of granite-porphyry. It 
weathers with the usual massively platy parting, is much shattered by 
joints and weathering, and forms extensive tidns heaps. There are the 
usual silver prospects about the ooutact, but though rich samples of ore 
aie said to oomo lh>m the deposits, no workable bodies of ore have as 
20 osoii, FT 3 2i 




SH;iCEl«»X CANYON. 
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jet been brought to light. The batte lies some little distfuioe in front 
and away tnm the gtuenl nungiii of the range, so that the laocolithio 

doming of the strata is very prominent. Only a part of the batte comes 
within the limits of tb© accompaiiyiiiir map (PI. XXXVI). Logging 
Creek has out its valley between the rauge aud the butte, and a small 
ttream deflaes ite weatom botden. Tba totter sbows no Igneons nwka 
in its gravels, so that altbouj^^li uut visited, It lalielieved that aoigHflOOB 
rooks occur on the western side. 
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DBSdUPrn'K (iKOJ.OGY OF rilK XKIHATIT T>I8TBI€7T. 
LOCATION AND GENERAL FEATURES 

Theprincipal settlement of the Little Belt Mountains lies in the center 
of the range, not fur diataut from the geograiikio ceuter of the State. 
U Is situated on the bead waters of Belt Oreek, in the bottom of tbe 
deep mountain valley of that stream, with the sharp point of Neihart 
Raldy overlooking tli«» town, ;ni«l (he high platt- iuN! of Belt Park and 
its neighbors surroaudiug ii on the west. (Sec I'l. Li.) The general 
flitaation of the town is shown in the map of the distriet (fly. 52, p. 403). 
The location i.siic( «'ssible bv wagon road from "Wliit<' Sulphur Sprin^^s and 
the Judith Baciiu, and in the terminus of a branch line of the iireat 
Northern Bailway ranning from Great Falls, from which place it ia 65 
miles distantk The town owes ita orifin and existence to tiie ore depoe- 
. its of the snrronn diner distrift. 

The Ifeihart district, embracing the drainage tributary to Bell Creek 
in the immediate Tleinity of the town of Neihart, presents scenery and 
geologic structure <|uite different from those of the parts of the range 
already described. The town is sitnated near tho sonthrrn end of an 
area of metamorpbiu rocks, which constitute the central core of the 
range and are believed to be of Aroheaa age. These are overlaiu bf 
stratified rocks which dip away from the Arcliean contact at sttep 
angles to the south and at relatively low angles to t!i© north. Th^ 
Archeau rocks themselv^ are cut by erupUves of several different 
ages. 

ARCHXAM QHBISSm AMD SCHISTS. 

The Archean rocks are well banded, have a prevailing dip or plane 
of schistosilgr of 46° to the soaUi, and show no traces of sedimeutary 
origin. 

The ridge at Johnson Onloh diows a xongh ersst, ibrmed of herder, 

dark red, feldspathic srhists. but no massive weathering gneisses are 
seen on the east side of the creek until the gully detiniug the Hlioulder 
of }}eihart Mountain (or Neihart Baldy) is reached, where the masMve 
rooks near the Broadwater mine are seen, with strike and dip of sehis* 
tosity planes ( orjforTuabltMvith those found farther north. Viewed in :i 
general way, tbe gneisses show very distinct and well-marked divtMon^ 
of eolor and Uthologio habit. Bed fUdspar gneiss, white or gray 
lUdapar*gneiss,bIaek mica-schist or amphibolite, and the more schistose 
looka ^pear.to be persistent divistons, a oertsin extent snch die- 

871 
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tinotioDS oan Ira made in » rongh way, «nd they pvore to be yvry import 
taut (listinctioDS in the eoonooiy of the ore deposits, but wImo, Stadied 
in the attomi>t to map the bonudaries of such rocks they are fonnd to 
grade into one another without order or system. Moreover, the very 
Intricate and indented intrasion of the peenliar Pinto dioritehaanodi- 
fied tbe schists near its contact, and though somewhat gnei^id yet 
uniform iti character, its snrfnce is less varied than the gneiss. 

At only a few localities wim the igneous charavtei* of the schists rec- 
ognised. Some 300 jfeet above the town, on the road ihom tbe Broad- 
wafer niiiR', a foliated rhyolite ry was found. A sitnilai rock, 
bnt ieachcd and altered, occurs in tlie Queen mine. At the upper end 
of the Broadwater road a very fissile rhyolite-porphyry-schist was 
obtained. It is a pale eream-eolored nokj weathering a baif or straw 
color. It is very fissile. si)Uttiiig into slaty debris, which conceals its 
out( rop. This is due t«) an abundance of sericite Hakes developed 
along the folia. The edges of the firagmenta show a very decided flow 
structure, with quart/, phonocrysta drawn out into lenticulcs. The 
rock is a sheared rhyolite-|)orphyry. Another form is mttcli less 
sohistosei and is a distiuotly porpbyritic rock. Large oval masses, 
one-fbortli to three-fonrths (rf an inch long, of alieaxed and drawn-oat 
grauolea of x«d quartz, and amaUer dull*whlte lUdspacs, appear in a 
dark-gray or frrf^e'iish-black groundmass; the rock is n sheared rli yo- 
Ute-porphyry. With these exceptions the rocks do not show their 
derivation to the naked eye. 

The roclts south of the town, and between it and the Broadwater 
WorkinfTfJ- a rc schistose and fissile, breaking readily along the folia and 
seldom sliuwiug massive outcrops (see PL XXX\ II, .1). North of the 
town, on both sides of Belt Creek, the rocks are gneisses, in whieh 
along Rock Creek a diorite is irregularly intruded. There is, however, 
no transition between these schistose and gneissic forms, and no evi- 
dence showing their character to be due to metamorphism pimiuced by 
the diorite* The most notable varieties ean be distinguished as gray 
feldspar- gneisses, red feldspar-frneisses, and amphiholitc frncisses. 

The gray gneisses show wide variations in texture, color, and folia- 
tion. In general, they are coarsely crystalline, with mica folia sepa> 
rating a coarsely granular mixture of (|nartz and feldspar. The red 
gneiss forms fairly well denned bauds, which, like the folia, arc len- 
ticular in shape. Tbe rock ocotus as patches and streaks in mica* 
gneisses atoog Bock Creek and north of the town. Typical specfmras 
from the Honlton mine are evenly granular medinm gmined rocks, 
showing a streaking of dark preen rlilorite. Tlie rock consists of n 
mixture of pinkuh feldspar and quartz. A red gneiss from the mine 
worUngs— the 400-fbot level west-^is a very dense and finely granular 
10^, broken by small joints into diamond-shaped rbomlN!. The red 
gneiss encountered in tlie (>ne<»!i workings is coarsidy granular, and 
forms patches separated by black mica-schist, aud is associated with a 
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gray mina gneiaa. The altered quartz-porphyry-gneisa from this mine 
is like that of the Broadwater, Txjt can not be mapped as scpiirato ft-om 
the iuclosiug gneisses. A bliu;k luica-gueiss cousisUt oi a biotite and 
qoMts, wiih white lenaes of qnaits and fUdspar. 

The amphibolites also vary from coarse to fiiio ijrained U'xtnres. The 
coarser rocks are osualiy evenly granular and »bow little foliation, 
except on dark reddish-gray weathered surfaces, where the tieldspar 
shows «s piliklsh niAtsrial and the rock Is dlstlneay streaked. The 
rock breaks with a sliarply aiipnlar fim'f nro into thin flakes. The com- 
iDoner variety eeeo in the lome workings is a very toagb rock with 
ronnded fVaotnre. It Is a finely and evenly granalar amphiboUte, bat 
slightly schistose to the eye, and consists of » fflty mass of interlocked 
hornblende net'dles. This rot-k is seen ah)ntr lior.k Creek above the 
Mooltou, and in the Florence and other mine workings. 

The gneisses of Oarpeuter Greek turn untferm and rather smooth bnt 
steep slopes, having a ftw mek onteropsof reddish ^neis^ pillars, but 
covered by fine di^bris aapfmrting a dense grrowth of small pine, so that 
in a general view the country appears smooth, uudshowti the topography 
tjipieal of tdmple erodoo of a homogeoeoos matflrial The grassy tops 
of the hills are ainooth and bare of oatcropn; the canyon walls migh, 
with pictiiresfine masRes. Their aspect at the mouth of Oarpenter 
Creek is shown in Pi. LXV, Ji. 

On Snow Oreek the porphyry of Poverty tfooatsin ends a short dis* 
tance above where the wagon road to the Comm-opia and Benton mines 
leaves the main t-reek. The propliyry is in contact with a hard and 
dense, blocky, gray gneiss banded with amphibolite. This gneiss pre- 
via tar eevetal miles ap Snow Oreek, dianging to a red lioldapathie 
gneiss where the trail crosses tite slope.** west of the creek. The nlopes 
between Suow Creek and the Cornnoopia show alternate belts of black 
amphibolite «ad red feldspatfaoid gneiss dipping north. The Ck>muoo- 
pia is on a bench eat in the ridge between the forks of Snow Croekf 
in bh»ek inieacenns gneiss, but the Pinto diorite forms a bench to 
the north, below ttie shaft house. Follow ingthe road from the Conitt- 
oopia to S^eihart, i)orpbyr>' is Ibnnd at 8,000 feet, ftoniug a spur down 
to 7»700 feeti where the black gneiss ontorope. 

OLDER IGNEOUS HOCKS. 
PINTO PIORITK. 

The gneiss series is intruded by a larfje and very irregular body of 
diorite which has been designated the Pinto diorite, Irom its spotted 
appearance. This rock oeenrs in a eontinoons body on the lidges 
between Hock Pinto and Carpenter creeks, is cut across by the canyon 
of Belt Creek below Carpenter Creek, and forms the gateway of Uarley 
Creek. It was traced up the last-named creek one hah mile, beyond 
iriiloh the ezposnre was not followed, owing to the dense timber and 
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debris oovering the atopea. leoUrted expoiaiw of this rock ir«re also 

foaud at the extreme bead of Carpenter Greek we^t of Long Baldy 

Mfuiiirain, at the Broadwater mine, aud near the Cornneopia and 
Barker mines of 8uow Creek. At the last localities it is possible that 
then to a nirflwe oonneetton with fhe main body, hat it was not deter* 
mined. In the very narrow and steep gnlch near the head of Carpenter 
Creek, Pinto diorite occurs intrusive iu biiu'k iimphiboHtic gneiss, at 
8,000 leet, or 300 feet belo%r ibe tup uf the bliu;k aiiiphiboUte just below 
the sammit. Hie espoeure at tbto plaoe te small and the roek eontains 
many inelndefl frnfrrjents of {.-^ueiss, a common featnre of the borders of 
the mass, though at this locaUty the denser oont^ict facies of the rock 
was not recoguized. It is cut by a minette dike, trending to the east. 
There is reason to believe that all these ezposwes are part of a siiif le 
grenf body— a bntholith, aud that the several masBes now exposed eon* 
uect at aa uukuowu depth. 

The roiA: has a striking appeataooe. Photographs ofa band specimen 
are shown in PI. LXXUI, A. The roek oonaiats of roundish, p^e-gteettf 
wliite, or pink feldspar masses or tiggreprntes, one half to 1 inch across, 
closely packed, with the iuterspaoes tilled with schistose horubleude. 
In the ikeehest material obtained from nndergnmnd workings the Md- 
apar la pate green in oolor. The porpbyritio appearance produced by 
these feldspar pfroiips is most striking on weathered surf»<*8, where 
they are reddish in color and stand oat in relief. The rock is very uui- 
Ann in haUt and chataeter tbnragboat the district In most eases 
there is no change in grain at the contact, but the southern borders of 
tbe main Iwidy exposed aloii^r Ifock Creek above the Monltoii niitie show 
a very marked contact facies, iu which the leldspars ait; tbiuly tabular, 
and are arranged in a flaidal straetms, whioh is very striking on a 
weathered surface. At this locality, also, both the denser contact forra 
anil the coarse-grained rot^k are cut by aplitic dikes, which are re;;ardcd 
as connected with tbe intrusion, the aplite being a hue graiucil granite, 
mneh mashed. These dikes are often only an inch or two aeroas and 
are accompanied by dark seams. They are seen only near the contact. 

The ooutaot between the Pinto diorite and the schists is au extremely 
irregular one. I7ot only ia it indented by projeeting we<lge8 and 
tongues of diorite in the sohist and of sharp and irregular wedges of 
the schist in the diorite, bnt many masses of schist are included in the 
diorite. The relation ol the two rocks is oomplicated by late dyuamie 
forces, oansing the development of a gneissoid stmotnre in the diorite. 

The Pinto diorite has a more massive wc^athering than the schi^ 
This is espcoially noticeable on the .sharp ridges dividing the drainage 
of Kock and iSnow creeks. At this place the diorite ibrms rough, 
craggy maeies, shown in PL XLIX^ S, The roek breaks into great 
blocks, 2 to 10 feet across. It shows a distinctly spotted character on 
freshly fractured surfaces, but where long exposed t^ tbe weather is 
reddish and largely overgrown with ii<:beuH. These exposures, like 
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tlioBe nearer the town (above the Honlton miDe), luild atringy masses 
of schiHt anil are .^freaked with occasional seams of ap]it<-. The 
inoluded fragments of schiAt and gneiss do not show any melting on 
tiMir edges, nor the derdopoMnt oootwit minerals. 

YOUNGER IGNEOUS ROCKS. 

VHTOLm-POEPSTST OV BOCK OBBBK. 

Oil the narrow divide between Snow Creek mid Ttock Creek ftlift 
gulch just back of the town) the Pinto diorite ami gneisses are cut by 
a mass of porphyry, whose dt^'bris is scattered over the surface and 
la seen in aevend whaSknr pvoapeet pita, tiumgii its bonndariea oonld 
not Tie determined. The rock is not schistose, but shows a frartnrini^' 
approaching tlowage. It is a pale-green rook, with abundant pbeno- 
crysts of dark-gray quarts 2 ntni. in diameter. Thto qnarta shova 
doubly terminated pyfamidalerysCalSf and the grains commonly prqfeot 
above tlie frnrrnre !iln!!i"'^ <if tl'p mck, thougli otlier.s fraetnre with the 
rock. The grouuduia^s is extremely dense and telsitic, and is of a 
grayish grem oolor. The xoek ia nnieh altered and thefbrmer ftldspar 
phenocryst.s are now spots of yellowish earthy matter, probably sen- 
cite and kaolin. The rock i.s a rhyolite-porphyry (qnartz-porphyry 
of older nomenclature), but it ditlers in both texture and appearance 
ftom the Oarpenter Ontk type of that rook. 

NKTH.VUr POKPJIYBY. 

The rhyolit«-porphyry distinguished by this name occors as dikes and 
lai^ IntraslTe hodles entting the Pinto diorite and gneisses. It forms 

the dikes seen -ill tiie working.^ of the Trait, Ingersoll, Benton, and other 
mine.^, and is exposed on the surface north of Belt Creek. It also 
occurs in irregnlarly intrusive biKlius in the slopes adjacent to Snow, 
Oarpenter, and Xaoicay ereeka, where vaiioiis ore bodies have been 
found in it and mines located. Its outcrops are seldom massiye, as t^e 
rock is crackled by a network of fine joints, and breaks into small angu- 
lar d(^bris, which covers the slopes, and under favorable conditions 
ftnnssKtmslTe debris slideS) sooh as those seen on Poverty Ifonntaint 
as the hill between Snow and Oarpent^^'r creeks is called. Througbont 
the diflferent ex]H>Bures the rock is fairly constant in habit, though it 
varies somewhat in appearance, owing mainly to the alteration that has 
ooeurred near ore bodies, or the ehanges prodneed by wealliering. Ihb 
rock is a normal rhyollte- (quartz-) porphyry showing rather .small phono- 
crysts of quartz 1 to 2 mm. across, scattered through a very dense 
felsitic looking grouudmass, which is white in some oases, but in the 
vkinity of the ore depoatts it is pale green. Irregnlaayahaped mannos 
of rusty earthy material occurring in some Rpecimens represent pheno- 
orysts wholly decayed — probably biotite. The altered rock of the ore 
deposits is impregnated with pyrite grains, and is often breeelated. 
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The fine rhomboidal or diamond-shaped fractares which crack the rock 
cause it to break readily iuto augular debris on weatheriiu;. This rock 
is seen at the Gait, IXL, and Eureka mines, and at tiiese looalitleB die 
fragiiiente often aboir a black surface, due to oxidation of pyrites 
The Mackay Greek mass, in which the ores of tliat area have been 
fooud, in intrusive in the gray and red schists, and is found on both 
■idee of tUs ereek from the bead to the month. It extends aeross to 
Carpenter Crook and forms the sharp ridge l»etw©en that and Mackay 
Cret'k. On the opposite side tlie extent cf Itie iiorphyry is not accu- 
rately knowD^ A short distance (estimated at half a uule) below the 
nM»ath of Macksgr Oieek it is not seen, and gneisses are exposed. 

The ridge between Snow and Carpenter creeks sfiow.s pranite-por- 
]>Tiyry at its very end, but the Ncihart porphyry of Poverty Mountain 
appears one-fourth mile above the juiictiuii of the streams, as noted. 
Tiiel9eitaart pOTptayiy oecnrs on flie spur below the Oornnoopia mine 
on the ridjje east of the Benfon mine, beinji exposed alongside of the 
Cornneopia road at 6,900 feet, with black gneiss below it. The por- 
phyry extends across the slopes to the Benton workings, showing at 
iUie point where the road swings around to the aonlli, where it descends 
to Benton Ouleh. and the rock is cut by a crossrnt level from the Ben- 
ton to the i^'Iora vein. No surface oonneotion betweeu tliis and the 
mass at the IXL mine was found. 

West of the Snow Creek Basin i>orphyry outcrops 350 feet below the 
Bock Crrrl: divide, jnst below the TXl, nn'ne, and is 200 feet wide on 
top of the l idge, and abuts against gueisses. To the east the schists ♦ 
extend to Snow Oreek, bnt the Keihart porphyry fimna the erestof tlie 
spur and eonneets with the Poverty Moontain mass near the jnnetioD 
of Snow and Oaipenter oxeeks. 

CABFEMTSB OKBKK VOVFHTftT. 

The canyon wal! north of Carpenter Creek shows a ledge of light- 
colored rock ruuniug along the wall for several miles. It forms a verti- 
cal eHff 69 to 00 ftet in height, whose base is about 300 feet above the 
creek. The ledge does not continue west along Carpenter Greek to Belt 
Creek, but as the crest of the ridge becomes lower it crosses the spur 
and appears on Beit Greek a half mile or more below Harley Creek ; and 
here it isveryplainly seen to be an inclined dike or sheet dipping norUi 
at 40°. It is here 30 to So feet thick, and cuts through tho iinto dioritOi 
It shows a contact band 3 to r» feet wide at top and bottom, and the 
rock holds many fragments of schist and gneiss torn from the tissure 
walls. On the eUif seen north of Owrpenter Greek this oontaot is my 
apparent, owing to its darker color and different weatheriny, dno to a 
denser texture. 

The reef cau be traced as far as the mouth of Snow Creek, where it is 
lost on the smooth slopes to the n<Hrth. An exposure of it was fbnnd 

oil till floab' ridge betweeu Snow and Carpenter creeks, at the extreme 
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eud of the spur. The rock is light gray in color, and tbinly spotted 
with crystals of pale-pink urthoclusc an inch or less across, with smaller 
light-oolored feJid8)>ar8 between. These lie iu a gray gn>uiidmas« 
spffinkled with Irfaek dote of biotito. The rook is not sobistose, and is 
apparently of later age than Che dlotlte. 

TRAP DIKT58 (MTITOTTBS). 

Besides the rooks already uientioned as iutrusious in the gneias com- 
plex of the Kelhart distriet, dikes of mlnette also oeoor at ttio Oalt 

and IngersoU mines and at the head of Snow Creek. Thej are regarded 

as due to the i^r^f^is activity of tlie Yofjo Peak cenf«T. since they 
possess the coiu|H)8ition and characters peculiar to the rucks of that 
loealily. They are soft and easily weathered rooks, whloh are aeldoni 
exposed except ander the most favorable conditions. It ta possible that 
they are more common about Neihart than at present snjiposed, since 
they would be concealed by gueiasic debris on the surface, and in The 
altered eondithm prevailing abont the veins in most mine workings 
would iiot be readily recognizable. They are an im|>ortant bit of evi- 
dence, however, since tlieir occurrence shows that the ore deiK»sit8 
which cut them are of later age, and therefore certainly pu6t- Jurassic, 
and probably Itettary. 

8BD1MBNTARY ARBA8. 

QUAETZITK BOC BOCK^ 

The mountain slopes above >ieihartshow massively bedded qaartxites 
eapping l^eihart and Long Baldy numntains (PI. LII, A), and the same 
beds are seen as a rim rook mnniog akmg the edge of the plateau 
west of tlie town. Tlie latter outcrops are neorly liorizontal, but fal- 
lowed Koutliward the buds are seen to dip in that direction, as they 
do on Long Baldy Bfonntaln, and to be overlain by a thickness otlfiOO 
feet of gray slaty rocks. The e.xposed edges of the quartzite beds are 
seen running down the sloiu a east of Helt Creek, and 2 miles above 
the town the creek has cut a very strikingly piotoresque canyon tliroagh 
these Toelcs (see PI. XXXVIII, B), Above this canyon the slaty series 
composing the variouH formations of the I '.elt terrane are seen for several 
miles up Belt Creek and its several branches. The detailed section of 
these beds has already been given in the description of the terrane. 
The thiokness varies greatly, however, at dtflhrent loealities. On the 
O'Brien Creek road it is not over 1,000 feet, probably less, while on 
Sawmill Oreek it is 4,600 feet, and on Ohamberlaiu and Belt creeks a 
little less. 

The daty rook beds <rf the ibrmation are oat by sheets and dikes of 

iiitrnsive rocks, which alter the strata, and are fietjnently prnspeeted 
for ores. The introsions are relatively small and part of the fringe of 
sheets and dikes snrtoanding the Yogo center. 
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BELT CBEBK PABKS. 

AloDg the stage roa<i ui) bawmill Creek, m well as ou tkeoldO^ion 
Creek loed, the daty Belt vo^i ateseen overlain hy reddiah and yellow 

cross-bedded snndstones, the basal bt'ds of Cambrian formations. 
These rocks im* well indnrated, and as they are overlain by soft shales 
that weather readily, the sandstones form extensive gra8J*o>vered 
plBtMO erens lyinir between the ereek ▼alleys. Thto ie fendered more 
efleetive by the intnislon of a thick sheet of propliyry iu the fissile beils 
jnst above the base of the formation, a sheet whose characteristic clitts 
and talus slopee are shown in PI. LI I, B. These sheets oatline exten* 
rive plateM aieae between Belt end Snwmill (veelM. The ueee of 
poi Tihyrv iind qtiiirtzite di'-hris are very generally' densely timberefl with 
lotigepole pine, as shown in Fl. XXXVII, B. They are thas in strong 
oootnwtto the open grassy or sparsely timbered uenB wh«re sbelee eoTer 
the snrfiMM. This is notii cd not only on the pletean bat along Belt 
Creek on the Togo trail. These plateau knels are the most charafteristio 
topographic featores of the Neihart district. They are all dne to the 
reetetant nature of the qnartdte or sandstone beds. Near Keihart it is 
the Ndhart quart/.ite that determines the level area ; south of Neihart 
it is the FIathea<l quart/.ite. Iu going south from Neihart uloun Ik'lt 
Oreek or any of its branches the stratified rocks are seen to dip to tlie 
aottth. On the sntnmlt of Long Baldy the dip Is 20° to 29^. Along 
Sawmill Creek it is at first 14°, but increases to 2(P, which prevails 
until the Hliarp twist in the road is reached, where the Cambrian Flat- 
head sandstones have a much gentler dip, changing to 2° to 3^ on the 
grassy platean levels. An angular onoonlbrmity eziats between the 
two series, but it is mne.h less markefl than these dip.-* indicate. The 
Cambrian shales are soft, easily intruded rooks, and iu them ttie igne- 
ous intrusions are abundant, and the intruded sheets thickest. The 
shale formations attain a thickness of about 1,200 Ibet near the divide 
between Belt Creek and the neig:hboring drainage basins, and, as else 
where, axe separated by several formations of limestone. Nowhere 
witbin ^e aotoel Ifanita of the NeOiart dietriett as defined by the drain- 
age basin of Belt Creek, are more recent stratified rocks exposed. 

North of Noihart the crystalline schists form a hilly e(»nntry, deeply 
trenched, yet with smooth and generally rounded slopes. West of 
Belt Creek the platean area known as Belt Park Is, Uke the smaller 
areas to the south, formed by nearly level hedsof indurated sandstones 
resting upon the .scliist.s. The fissile impure sandstones fonnd inter- 
bedded with the harder shales of this locality hold fossils of Cambrian 
age, and the two battee which rise above the park are fbrmed of shales 
and limestone whose fossils prove to be Cambrian types. The southern 
limit of the park, where it is cut off by TTarlc}' Creek, shows the Cam- 
brian renliug directly upon the crystalliue schists with no intervening 
beds, ffimilar eondithms prevsil all abont the western and northem 
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A- N El MART QUARTZ ITES OVERLAIN BY SHALE FORMATIONS OF BELT TtRKANE. LOOKING UP SMALL 
DRAINAGE ON SOUTH SLOPE OF NEIHART MOUNTAIN FROM JUNCTION OF BELT AND SAWMILL 
CREEKS. 

S<i<l« slop** Man in dolwvc*. 



w 




B. INTRUSIVE PORPHYRY SHEET AND CHARACTERISTIC TALUS SLOPE. SAWMILL CREEK ROAD. 

SOUTHEAST OF NEIHART. 



HBIHART DimiCT. 



379 



mavgliu cf tbe Arobean area, no Belt loeka ooeiirrtn|rik0rt3i of an aaat 
wwt line tiuoof h Long Baldj Honotmn at ITeihart. 

HXAD-WATBB TAUAT 09 HBIpS CBKUC 

Bolt Onek aboTO yoibart Canyon flows tbrongh a monatatn Taney* 

whose width and character vary with the natiir** of tho rocks. The 
lower park, cat in Delt sbaieti, extends fur » mile above Ohaiuberlain 
Creek. To the uortli the sloiies have been densely wooded^ the forest 
Ming nov largely eat m bnnied over. The slopea are ateep wp to tbA 
cliff fronts of the terr«c'f's formed by porphyry ^^heets. The normal 
seqaeuce of the Belt rocks ia seen in occasional exposures along the 
creek. The shal^ prevail to Obamberlidn Oreek, where they are 
broken by an intrnsive abeet of porphyry'. Above Chamberlain Creek 
fltf Miie XewlMiH? If fiip^'rnrK^s ;ijt)\far, in hods 3 to f»'ct tliirk, with 
iuterbedUeil shalea. Tlie liiueiittmeti are either shaly or, in more mas- 
sive bed% the Toek breaks Into epUatery fragmeata. They weather 
buff, with square joiutiiii,', break into cubical blocks, and contain car- 
boiuu-eons nitirkiugs and calcite streakings. They are succeeded by 
black tihales, extending up tlie creek until the lovr ledges of dark- 
eobwed Oambrfan qnartsfte appear. The bede dip npetteam at low 
»nglc.i« nntil the di%ido at the head of Banning Wdf ia leaohed, where 
the dip is westward, or down Belt Creek. 

The sedimentary rocks enoonntered on Obaroberlaia Creek show the 
tame beds. The channel is cat in shale for 2 miles above its month, 
and ■ihove hf'rt' in (he Xeihart qnartzite. A sheet of jwrphyry intrnded 
in the a^ndDtones of this formation oovers with its drift a large i)art of 
the mountain aide to the north* The intrasion is a aheet perhaps 300 
feet thick, tapering to the west, and regarded as an offlhhoot of Big 
Baldy. Cambrian beds here eonformably dip upstream. 

Belt Creek above the qnartzite exposures shows a wider valley, 
where it is ont in the overlying soft shales, and a beautiful park 
Oocopies its center. Up the Yogo trail few exposures are seen until 
the crest of the divide is reached, for dense but open woods prevail 
until the steep and open or parked Itigber slopes are reached, where 
the soil la thin and oooaaional low ezposnres of green shale and knotty 
surfaced, thinly be<hled limestones are se(!ii, with one intrusive sheet 
exposed 72.' feet beh»w the top. The ridge to the north of the trail a 
lateral spur oi the divide, shows better exposures along its crest, and 
tiie soft shales are seen to be intruded by a doaen or more sheets of 
i^rneons roek. Tliese are nf two kinds. The first is the ligrht-colored 
rhyolite-syenite-porphyryi which, on acooout of its harduesH| forms 
beoohes. 

IHTEUDKD SHBETfl AT HBAD OF BSLT OBVBE. 

Th^ intruded sheets are syenite- porphyries, which vary somewhat 

in appearance accorditifr as the sheet is thick or thin. They arc choc- 
olate or purplish-gray rocktj, characterized by abundant pheuocrysts of 
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don-wbite Aldspnn mad bUudc or greeuiah luirnbl«iid« neidlM, md 

sometinu's mica scales. These diirk colored mtnerrils ure altered to 
chlorite aud ru^ty limonitc 8pot« in the weathered forms. The sheets 
break with a platy fracture, and their d<§bris covers the 8]oi>es aod 
obsearee the lower contact. The rocks of the thicker sheets possess ft 
stron^f rp>« iul)lanee m the ^vrintf i^nrpliyry of the laccolith en<l of the 
eaistead of the Vog;i> tttock. The sheet fonuing the ocest where the 
Yogo tniQ deseends to Belt Oieek diffion from the eonnnon type of 
iwrphyiy forming the intrnsive sheets. It oocars OH the east crest,, 
intruded in shaly Ix ds flial dip 5- W., and swings across the ridge to 
the ridge to tiie weat as lower bedi» appear in going north from the 
tcail. The loek is a p»le>greeDish, very dense, hard, platy looking 
riiyolite-poipliiyry, showing infrequent rectangular aeetioiis of pinkish 
orthoclaso np to one-fourth inch across, and a few sc»tt4>red gn^ains of 
ftclear, glassy quartz. The weathered surface is butt' colored aud shows 
• miBnte pitting, revealing a banded or flow stmetnre. 

The west slopes of this divide ridge contain numerous intruded 
sheets in the Cambrian shales, d;rht beinp counted oti the spur visited, 
running down between iwu lii'a<l- water brunches ut l>elt Cretik. The 
Aeets vary ttom a fsw ftet to 75 ftet in thioknese, a&d weatber in 
step like benches that termiiintc in rocky clifis. The rocks are syenit<^- 
porpliyries, but include two sheets of minette. The two thickest sheets, 
oue 15 feet tbiok 400 feet below the top, aud the other nearly 100 feet 
fhiok at the base of the slope, have baked and altered the rocks for 10 
feet from (he < Mnt;U t. Tlie lower O0f» fc t «hf)',v - six intruded sheets. 
Although there is little doubt that these sheets, like those so generally 
observed la the dietriet, are oontinnona ibr oonidderabledistwioee, only 
tvru of them were seen on the slopes crossed by the Yogo trail, owing 
probably to soil and di'brlH, b(i( there is no r4":<s<iti to doubt that they 
would be found if carefully looked for in essentially the same horizona 
on all the apofs leading down into Belt and Wolf ereeka. 

OUTLINE OF GBOLOOIC HISTORY OF NEIHART DISTRICT. 

The oryatalUue schists are the oldest rocks of the mouotains, and 
eonstitDte tbe central^ core or nnoleas, about wbiob the later stratlfled 

rocks have been folded. The bedded rocks show that the Keihart region 
has been the site of dviiamie disturbance from the very earliest peo- 
logiu time. The clitfs ot Imig Baldy Mouut^un and the rim rock of 
tbe ptoteaa to tbe west are formed by sedimentary etnita deposited 
along the shore of an Algonkian sea, in whose waters the very oldert 
form^ of life known to the world existed, and remains of which were 
recently discovered near Xeihart The region of Belt Park aud Hoover 
Oreek, north of Helhart, wss a land area, the shore b^g near tlie 
present site of the town. This location wiis along the ''hinge line*^ 
between the northern continental land and the prradnally sinkinj; 3e» 
to lliu south, iu which 4,500 feet of strata were hud dowu. The lines 
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.1. O BRICN CR£EK RESERVOIR. WITH NElHART MOUNTAIN IN DISTANCE^ 
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of weakiioss dovfloppd at this time may hnvo been iatensitied by those 
later o8eilUtiuur« of level to which iliti eiitite regiou was subjected 
tbiDQglMNit later geologio epoiAB, bnt no deflnite date as to their elSeot 
upon this irpioT) are obtainable. 

It is probably to later ig^ncons activity that the ilsstiring of the rocks 
is due. These represent at least two, perhaps three, periods of dy- 
namic diatorbance, but their age is not known, for they do not cat the 
sedimentary strata. Tho most important intrnsion was that ..f the 
magma foriniug the Piuto diohte. This rock is found peuetratiug the 
schists in every direction and over an extensive wea. Its contacts 
appear to be without order or arrangement, and ovor the district dis- 
tinguished by mineral veins the observed facts iiuliciite that it under- 
lies even a larger area than is indicated by its surf ace exposures. That 
Its intnuloik ebattered the aeblsts Is shown by the naikieroiui indnded 
ftagmeiiti in it. In places it shows endomorphic contact ])1i<Mioiiiena, 
bnt more generally tho observed facts indicate a thoioiij;!! lieatin^r of 
the a4Jaceut rocks and a slow coaling of its mass. That it is later than 
the adilBts is shown by the stractare of the Indaded fragments, and 
that it is earlier than the last dynaiitic movements prodnoing sehis* 
tosity i.s shown by its gneissoid structure. 

Tliis Ptntu diorite is of unkuowu age. It may be pre-Alguukian, but 
its oeemrence near the baaeoTtbe qvartdtebeda of Long Baldy Moun- 
tain and the abscnro of any frapments of it in the con;^lonieratra of 
those strata are opposed to this hypothesis; its gneissoid structure 
would accord wil^ this ide^ since the Algonkian rocks are but slightly 
metamorphosed. Still later igneous forces ruptured the rocks, in whose 
iTcvircv* dikes of ji^rpliyry were injected, or formed irregularly intru- 
sive uia^^s. These rocki« cut the diorite as well as the schists, and 
although sheared, they are not gnefssold or sehistose. The period ixt 
their intrnsiou is not known. 

A third j»er!od of eiierj»etic igneous activity accomi>anied the uplift 
of the range, or directly followed it^ and the igneous rocks, which were 
sent out as sheets and dikes from various oenters of disturbance, ooenr 
it) the stratified rocks surrounding the Archean area of Neihart, and 
are wnmetimes found m it. The jieriod of vein forma*^I.>ii and ore depo- 
siCiuu uittier accompanied or followed these igneous intrusions. The 
precise geologle afo of the ore deposits is unknown, beeanse they are 
found only in the older rocks of the region. On the sununit of Long 
Haldy the ores oeenr in the qnartzite overlying the gneiss, but nowhere 
else do they cut stratified rocks. lufereutially the deposits are believed 
to be post-Oretooeotts. 
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HISTORY .OF RBQION AB INTERPRETBD FROM SBDIMBNTARY 

ROCKS. 

The secUoientary rocks of the region ehow that the same geueral 
oottdittons prevKiled in the Little Belt region as in the net of the eaet- 
em iwrt of tlM Booky Hoontaln area of the State. The atratdgmphie 

(lectioiis are very similar and show the sotnf foi Jimtions recoprized 
throughout the geologic province. There is, however, one feature of 
eq^al importance shoira In tbts seetion, namely, the overlap of the 
Cambrian beds from the Algonkian rocks of the eonthem part of 
the mountains to the Arclie«ti gneisses of the northern. 

The Archeaa rocks are, so far as recognized, wholly of igneous origin, 
and may be Bnppoaed here aa elsewhere to represent the downward 
crystallization of the original crust of the earth. These rocks were 
already metamorphosed to gneisses and schists of the mmo character 
seen to day when the earliest known »ediuittutary rocks uf the region, 
the If elhait qnartsitee, were depoaltedf fiw oeeaaional pebbles of red 
and gray gneis.*^ are found in the lattf^r. 

The NelhMt quartzites were laid down upon what appears to be a 
very nnifbrm sarfiMO. The lower beds oondst of clean quartz sand, 
but sUty material appears in the higher beds and in all tiie rest of the 
Kelt torranc, which attains a fliif l:uc8R of at lenst ^^cvpnil tlioiT^imd 
feet in the southern part of the range, and of 1U,(H>U to lJ,iMM> in ihe 
Big Belt Bange. These beds are ahaUow-water deposits. I>nrfng the 
period in which the rocks of the Belt terrene were deposited the north- 
ern part of the T.ittle Belt area was probably above water, for no Belt 
rocks are foand there, and the beds immediately overlying the gneiss 
eontafai no material Indleatlng the Ibrmer existenee of sndi rocks in 
the northern part of the range. Of the conditions preTaillng thioogli 
this part of Algnnklan time there is little knowledge other than that 
which may be deduced from the character of the beds themselves. 
Tbsae show a oyole of depoaitioD, with slowly deepening aea, fbUowed 
by gradual emergence. The only Urnns of life yet disoovered are those 
described h}^ Walcott.' 

After the formation of the Belt beds the whole region was uplifted. 
There is not only an mtire abaenoe of Lower Oambrfan tlirongboat tiiia 
and the neighboring ranges of oentral Montana, but the Rneceediug 
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beds ooDsist of assorted sauUs wbo^ material varies in character i^om 
place to plaoe with fbe imtiuce of fhe underlying toA, The belt ftMnn»- 

tions were extensively eroded In this interval, and as a consequence the 
Flathead sandstones, which con8titut*» tliw basal bc-ds of the Middle 
Cambrian, retit upon different formatioua at different places. Angular 
niMMHilbnttity betveen fhe Belt and Oembrlaa raekR bee been Men^ bat 
it is seldom very noticeable in exposures. The overlap of the beds is 
itself coiivindnff proof of tineonformitj'. The plane of contact on which 
the Caiiibriau rests is a very uniform one, and is especially so when it 
Is the Aveheaik Thia ia Men in the eanyon ▼all alon; Belt O^k and 
Belt Park, as well as in lower Sheep Cre<'k. This plane surface pre- 
sents the characters of a plane of marine erosion, or shore-line cutting* 
Crosby' has recently called attention to the widespread extent of thia 
ftatnre. Pebblea of Belt locka in the baaal bade of theFIatbead, where 
tl;f» 1;ifter formation rests npon the Algonkian terrane, and of gTieisses 
and Bcliists over Aroh«ui areas, show the eroeiou oaoaed by a spreading 
aea marghu Tbeae Flathead aandatonea repreaant a general snbd> 
dence of this region in common with the rest of theeaetom mountain 
refjion of the State. The level plane of contact was npparently formed 
as the sea cut back and wore down the land dui aig a gradual sub- 
mergenee. The OTerlyiog beds show, in the ahales, impore Ifmeatoneai 
and intraformatioDal conglomerates, as well m hy the fossil remain^ 
that the con<!itiori-^ prevailing were those that are known to ha-ve pre- 
vaiied eonmiouiy m Uaaibriau time over large parts of the continent.' 

80 Hmt aa at present knownt there are no beds of either Upper 0am* 
brian or Silurian age in this region, the fossil remains from adjoining 
beds hoUl in Middle Cambrian and Devonian forms, respectively. Tt 
is astiumed, therefore, that the region was a laud area during the 
Upper Oambrian and SUoxian periods. 

The Devonian i)ei iod is represented by arenaceous limestones whoso 
fossil remains are mostly corals. Ho unconformity is recognizable 
between these beds and the succeeding layers of the CaxbonifBroaai 
though a bed of red sands was observed in one expoeore and may 
indicate estuarine conditions. 

The Carboniferous period was one of slowly deepening, loUowed by 
diailowing, seas. The roeks oontidn abnndant ftaBil remaiiu, whfeh am 
wholly of Lower CaibouiCerous tyi>cK, and the well-deflned subdivisions 
recognized in the Mississippi Valley and the States east of it have not 
been distinguished. The lowest beds are impure, argillaceous, shaly 
limeatonea, and the fossOa eontained in them are shallow-wster forma. 
The middle and greater {NVt of the rocks of this age are, however, 
quite pure limestoneH. more rarely dolomites, and the life is such as to 
indicate relatively deep water. The close of the period was, iiowever, 
one of elevaitlon, and there ia an abmpt change to veiy ahallow-watnr 
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auii etiluiiriue areata iu wbicli red HHudu aud gypsuiu depositet were 
Ibrmed. Theoeoonditions were-foUowed by » gentle d^raanon, vith tlie 

fnnnatinii of ^vem shales alfcriiatin;; with limestonMf wluMO tuaM 
also indicates hUbUow and muddy waters. 

No definite break or unconformity is in general recognizable between 
libe topmost beds of tbe Oarboniferoas and those of tbe sncoeeding 
marine Jurassic. On the sonthrrn flanks of tho rnii^'f* ffto hipliost 
beds of the Carbonifaroiu show a fauna somewhat different from that 
prevailing elsevbere, and tiidr Ibstila are firand wttbin 3 feet of Jvranio 
Ibssils. There is, moreovett tone evidence of an erosion interval in tbe 
varviii;; tliickness and absence of certain ht't]!< of the Quadrant frronp 
of the Upper Oarboniferoas. The succeeding Jurassic period wast at 
first one of qniet iraters oovering tbe entire area, bnt tbe limestones 
formed in this t i me are anBeaodcd by beadlWUlds holding shell remains 
evidently broken by wavo action, showing a gradun! olevattou of tlie 
land, that resulted in the rapid deposition of sands which are barren 
of I1£b. 

The »uccee<ling Mesoxoic rocks do not form any part of the mountiun 
aroa, bnt it is npccRsary for a comprehension of the conditions determin 
ing the uplift of the range to understand the fact that the sediments 
of Gietaoeons age all show a tbiokeoingf with a great inereaae of eanda 
and ela\s near fbt^ inoutitaiii fudit. The eoiiditioTis indicate quite 
cleiirly that titere was a general and widespread uplift in early 
Cretaceous time, accompanied by the formation of marsh lands and 
flcesb'trater lakes, while voleanio emptions breaking fortb at some 
distant ]»oint scattered ashes orer this area. Succeedinfj this epoch, 
the plains area was depressed beneath the Gretaoeous sea» while tbe 
Idttla Belt region remained a land area. This was not, so ikr as now 
feoogniKed, a time of mountain folding. The iniolds of Cretaceous 
rocks fonnd at Castle Montttain, just south of the Little Belt liange, 
and the general upturuiug of these rocks about the mountain tianks, 
indieate tbat tbis oooorved at some later period, wbioh tbe evidenoe in 
neighboring ranges in^eates to have been poat-Oretaoeons.' 

STRUCTURAL PBATURB8 OF TKB RANOB. 
HASUBB OF THX UVLIFT. 

The Little Belt Mountains ibrm a part of the eastern Hrent of the 

Rocky Mountain region. They are structurally coTineoted with Castle 
Mountain on the south and through it with the en(i of the Big Belt 
Bange. They are formed by a bn»adl7 V*shaped uplift, pointing east- 
ward, which disappears beneath tbe plains at .Inditli (lap, but is never- 
tJicIess eontinnod eantward and reap]>ears in flio dome n]iiift of Big 
Snowy Mountain. Although connected with the general mountain 
folding, tbe Little Belt fold is praoUcalty a nnit. It differs from the 
eommoner and shaiper folds of the region in being a brood, relatively 
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low antielfne, Iwrinsr a flat or slightly n&didatiiig cop and steep side*. 
Tha Mathern border is forine^l by a secondary fold, pitchinj]^ eastward 
and passing into a fault that ontliues the margin of the uplift farther 
west ia Volcano Talley and contiuues westward to Slieep Ureek, near 
Kinney; With this ««septf<m no fiknlta of any uagnltode vera fbond 
. in the range, except those directly due to laocoUthloapljlt. The warp- 
ing is all broad in its featiin-*. ami rh^re are none of the narrow folrlings 
and overturns seen farther wuth uud west iu the uiountainK near Boze- 
maa and LiTingston. On the nwth and wntti are trooglu of dopoaltloii 
in which great masses of sediments were laid down. The Highwood 
Monntains on the north 8how several thon!<ainl feet of Cretaceous rock. 
The Cru^y Mountains to the sontU are uuuipu«ed of 10,000 feet uf latest 
Oretaoeoiui and ISooene ( t) rooks, e«tl>y Igneone intmdoas. Tho initial 
dips of thcHe strata away from the Little Belt area probably determined 
the uplift There in every reasou to auppoee that the range uplift is 
dae to lateral oompretMrion. 
Relation of igneous intru^iom to folding. — It is evident, however, that 
j the iiiiuor doming and faulting which an ob i Tved at all the IriTfrcT 

I moantala masses of the range are due to igueuus intrusions. These 

moontaina are in moot casoa isolated and indiTldnal mwoww. It win be 
flboim that they accompanied and were a corollary of tiie large uplift, 
and loyally modified it greatly. To do this it will be nerPRsary first to 
review the general character, structure, and relation of these igneous 
mnoBMf a datailed acoonnt of which is given in the obaptera on 
deaoriptlTe geology. 

DYNAMIC GEOLOGY. 

The present strncture and altitude of the Little Belt Monntains are 
plainly seeu to be due, first, to a general uplifl; and folding of the range 
as a whole, and, aeoondly, to the presence of la^e intmoiTe bodies of 
igneous rock, of which the lat gest mountains — in fact, all the individual 
mountain masses — are formetl und to which they owe their origin and 
present relief. As already stated, these igneous intrusions occur iu a 
varied of ways. The amaOer maosoa Ibm dikes and sheets, the larger 
ones stocks and IaexM)litl);< or allied forms. 

Though presenting these difforent forms and stmotural relations, it is 
belioTOd that the introalons are aJl the resolt of the same general cause ; 
I that the rooks come fton the same general source of sni>ply, and were 

intruded at the sanie timp or period of igneous activity. This liyijothosis 
iinds striking conilruiation in the chemical and miueralogical relations 
Ot the rooks, as is fbraibly diown by FrallBaaor Piroson in the report 
on tiie petrography of tho igneons rooks whieh fldlows this paper. 

The aiMl distribution of the intmslTe sheets of the region as shown 
upon the geolofric map does not convey an adequate idea of the abun- 
dance aud ttie extent of such intrusions or of the part they play in 
90 gmoL, pt 3 M 
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determining' thv topogrnphic develoiiinent of the region. This ia due 
to the fact that the Htieets mapped are ia most cn»ea showu only at the 
plaoeB Mtnally vtoited. A better ld«a of tMr probable ooenrrenoe 
would perhaps be given if the map had been made more diagrauiniiitic, 
for many of the sheets are very jjersistent over many miles of country, 
though only piotiiiueut where the 8loi>es show clifls or debris heapingii 
of the rocks. For this reMon the Tslleys cat tbrongfa those arens in 
which such sheets occur show their outrrops nu hotli sides, OOnAmBiDg 
to the stmctiire of the roekH in which they an? iiitrntled. 

The horizons invaded by titese iutrasious embrace parts of all the 
Paleosoto formations. As would natnraUy be exi>ected, the 8oft4;r and 
more easily intru fled sbales are selected, ;iTir! as tfu ("nTubrian rocks 
present the most favorable conditions for iulrunioim the gieatest num< 
ber of sheets are fonnd in ^ese roelcs. In tiie Belt formatloiis the 
rocks yield in-egulaily to intnidiuf,' forces, and the raptures arc filled 
by dikes and irregular iutrusious, which are raidy persistent, sheets 
following along definite bedding planes. 

In the Cambrian, on the other hand, the alternation of diale and of 
beds of sandstone or of limestone offer peculiarly favorable condi- 
tions fnr snch intrusions, and they are here most ett"ectively developed. 
In the higher formations ttie fissile beds lying between heavy -bedded 
luaestones are the horizons of easy intrasion. The basic sbeeta axe 
mnch thinner than the acidic ones, seldom exceeding 15 feet in thick- 
ness, and commonly being but 6 to 10 feet t1irott;ili. The aeidie sheets, 
on the contrary, vary from a few feet up to 100 feci in thickness, uud 
are commonly 20 or more Koet through. The ligfat-colofed sheet rocks 
consist of rhy<>liti<^ ami syciiitie for tiaeliytici porpliyritos. and are 
nsnally much altered by the normal processes of weathering, but do not 
crumble down, as do the basic rocks. The basic sheet rocks are mostly 
miaettes, showing considerable difTerenc^e in grain, being very dense in 
the thin sheet** and crystalline in tlie thicker; and the latter roeks alter 
and disintegrate rapidly when exposed, forming rounded exposores or 
san<iy .-:)lo]>es, so that they are seldom consplenons dements of the soeu' 
«ry. The two types are also contrastad in the effects wliich they have 
produced up4>Tj the scilimentary rocks in which Ihey are intrmlcd. The 
siliceous rocks have proiluced little if any contact metamorphi:»m; the 
basic rocks, a good deal. This is nsnally apparent in a baking or hard- 
ening of the shales to hornstoneand tlie development of a fine joii^toc 
that ia independent of the bexlding. This met^imorphistn is, of course, 
most marked about the largest sheets, and is directly proportional to 
the thickness of the intrusion. 

In the impure limestones secondary minerals are often develoi>ed and 
the rocks marmorized. In those observed instances where the two 
rocks cut one another the mioette is the latest in age. This rock itself 
shows light-oohwed dikelets entting it, but th«gr appear to be aplitle in 
character and to merely repreMot parts of the same magma and not 
independent eruptions 
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The lilioeoiiB roeks ara relstf vely mnch more abondant, m tlw iibeets 
«ra more enmerous, aiuT at e a1v\ ays much thicker. It is diflicult to 
form an ostirnate of tlic relative volume of the two types of rocks. 
Probably 1 :5UU would uot overestimate tbe proportion of the lighter* 
colored rook. 

It Heems oertttill that the if^neous slieets, some of which can b<> traced 
for miles along a certain bedding ]ilane, aud which are found iii>tui ned 
and folded with the sedimeut^iry rocks, could Qot have been intruded 
after the folding of the strata. Vo fotoe» however powerlhl, ooold 
inject sheets of so uniform a thickness and so wide an extent into rocks 
folded as these are to-day. Ou the other hand, if the sheets were 
intruded before tbe folding of the sedimentary rocks they should show 
some evIdemM of the movement. It it incredible that the sheets should 
have been apturned with the inclosini; sbales. wlien they were tilted, 
without showing evidence of the dynamic ibrccs in strain phenomena 
or cracking of the pheuocrysts of the rock. Yet such evidences are 
lacking iu the field ezposnna and are not revealed by oarefhl exami* 
nntifir of the section nnder the microscope. Tlii only alternative is 
the hypothesis that the intrusions wete iiyected contemporaneously 
▼itb tlie uplift and folding of the strata, their pzeaent poaltioa being 
in consequence of such folding and of tlie <' latent*' cavities orplanes 
of ea»y intrusion then develof)^d. This hypothesiB aceois in pCBfiBOt 
accord with the facts observed in the field. 

LAOOOUTHIO IHTEDSIOlia. 

Pogition and numher, — ^With the single exception of Yogo Peak, all the 
prominent mtmntain masses of tlie Little Belt Range are formed of 
masses uf igneous rock, who8« stiucturul features show that they ooo- 
atitate a group of eloeely related ibrms, grading from a typical laocoHtli 
to those wiiieli may represent ])lutoni(' ))lngs ' or 1).\ smaliths.- The 
geologic map (1^1. XL!) shows the distribution ot these intrusions 
throughout the range by the exposed areas of igneous rock, or, whei-e 
this is not yet revesEdcd by erosion, by the outlying domes of older rocks, 
which are believed to cover such intrusions. 

Fig. 17 is a ground plan of these intrusions. This diagram shows the 
relatlaii of tiM laeoolitiM to one another and flieir distribution in the 
range. The oivenlar areas marked by letters represent the different 
mountain masses, the curved Hue represeoting areas ol' uplilling or 
doming of the strata where this has occurred, or of the boundary of the 
igneous rock where the intmston has not disturbed the adjacent strata. 
The uplift of the whole range is defined by a line which marks very 
nearly the outer boundary of the (jarlwniferoiis limestones, 

Oenerai featurau — It is evident from lig.47, which is ba«ed upon the 
geologic map, tiiat the intruaioiiB ooenr along the northerly border ni 
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the uplift, most of them being situated on its northern limit or mono- 
cline. By reference to the gttologie map it will be seen that they occur 
only wliere tlif TU-It terrane is vrantinp. It will also be seen that the 
igueuus KM ks are in contact with strata of various ages, and thatoulj 
Id the upiitis outside oftbenuige,ae at Skull Bntte,ietheeymiiietrical 
doming of a typioal laooelith Shown by concentric outcrops of the differ- 
ent formations. The map shows plainly tliat tli(> intrusions associated 
with the main range uplift the strata about a part of tlieir periphery 
in some eases, and bteak tluoiigh the beds in anotiier part, while in 
other cases they show only a narrow soiie of abrupt uplifting or none 
at alL TlieBe relations are also seen fn I3ie verticfti sections acroas the 
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range shown in folios Nos. fiff andM of the Geologic Atlas of the United 

States. 

It is apparent that the asymiuetrioliiccoUtb is the prevailing type. 
These seetttms and tlie gealoglo nmp also show that the asymmetrie or 
faulted side of the lat rolitb is on the outer side — that is, next to the 
plains country, and away from the mountaiuSi and tbat it coincides 
witli the steep dip marking the flank of the fold. In other words, tlie 
asymmetric sides of the lacooliths coincide with the monoolinal fold 
aloii;,' tlu- flanks of tlio rnn^o antioliiip. 

iSizc. — The size of these intrusive bodies varies. Big Baldy, the 
largest, shows a snrfooe ezposore of 3 by 5 miles, and a vertieal extent 
wlucb is believed to be very nearly its original thickness of 3,000 feet 
at the center. TLe Barkor Mountain mass has a diameter of about 4 
milee, as shown by the doming of the strata, and the mass is probably 
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■bout 8,000 ftefefhiek in tihe center. The StoaailMat^ Sage, uKlSbiMird 
wmntidii mma<B ma mialtor, the MdiDg IndlMttaig a bam sbont 2 

milefl in diameter. 

Contact metamorphiam. — ^These intrusions have produced bat little 
oontMt metemofpUsm of th« Bedimentuy roekB. At tbe immediate 
oontaot there is a hardening and alteration of the adjacent rocks to 
homstones or marblo^, hut this extends at most only a few yards from 
the igneous rock. Ho far as observed, this alteration affects a greater 
fbiokneee of look over tbe top of the intmeionf as at Steamboat Monn* 
tain, than it does along the sides. 

CharacVr of the rocks. — The rock? cnnstitutinjr these intrnsivo masses 
are uuiiWui iu uiiueral uuuiposiLiuu throughout the whole extent of 
eaeh body, but exhibit allmlted variability of texture, raoging IbomdenM 
apbanitio forms at the contact to finely crystalline texfiired porpliyriea 
in general. Those of the same type differ somewhat iu tbe ditlierent 
'intrusions, showing yariations in texture and in the relative proiMrtione 
of tbe com{K>neBt minerals, bat the rock ne\'erthelees preservee ite 
general character and habit. The rocks ate (-hissed, first, as Barker 
porphyry, tbe prevailing type, which grmle^ into iliorite-porpbyry at 
Steamboat Moniitain; and, second, as Wolf porj^liyry. Both types are 
granite porphyries, and are folly described in the rc[>ort followmg tiki*. 
Their tleld relati'<n« nre ffiven in the descriptive geolofjy of the range. 

Jointing. — The ruukn of each type show characteristic jointing, bat 
flie jointiDg is more dependent npon textnre than upon mineral eom- 
position. Tbe Wolf porphyry at Wolf Batte shows typical granitic 
weathering, with well-marked jointing, forming great castellated crags 
and rounded bowlder masses, the so-cidled " Woolsack'' structure. In 
genera], liowever, tiie rook is omrnbly and seldom Ibrms good exposures. 
The Barker porphyry breaks witli a nonchoidal platy fracture, rarely 
showing massive forms. The best examples are thase seen in the Big 
Baldy amphitheaters, illastrated in Pis. XLVIii, h, and XLIX, A. 
The oontaet ftrms of both types show a flaeilo or pla^ straetnrs, with 
the planes parallel to the contact. These platy masses break np into 
rather small, angular blocks, due to minute joints — the common weather- 
ing of dense rhyolitic porphyries. 

1I(>ri:o% intruded. — In no case has the bottom contact of these intru- 
sions i)(^n seen. The correlative evidt iu e afforded by the stratified 
rocks about tbe intraaaon is, however, quite oonolusive that tbe intra- 
atoos rest on a floor of Arebean gneiss or upon the basal sandstoaes ot 
the seditneatary series. The horizon invaded is therefore the shale 
ibrmations of the Cambrian, and the lat(^r formations of this age are 
seen uplifted abont and encircling many of the intruded masses. 

Depth of tM<r«fj<m.— The Arebean rooks are covered in the vieinily of 
these intrusions by a thickness of 2,200 feet of strata. The Qnadrant 
formation, 400 t« f.oo (eot, and possibly the Ellis, l'OO feet, were also 
probably present, but have been removed in the deundation of tbe 
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range. How mneli of the Cretaoeoiu, if anjr, Ibnneriy coveted tbe range 

Js not known. The sliore line features ohservod about tlie tlanks of 
the rsmjje and tlieir absence from tbe ial'olds of the region seem to indi- 
cate that these roekn never covered the Little Belt area. Skall Batte, 
vbiob {8 bdleved to be a concealed laoeolitb, is stUI covered bjr Jturaasio 
rocks rui<l shows the Cascade formatioa (Ln^-cr Crftiu i-nn shnrply 
aptarnecl by it, so that it undoubtedly once covered the dome. This 
vroald mean a total cover of about 4,000 feet. 

UTooe of tbene intrtuions of tbto character occur where tbe Al^onkian 
rocks are found; that is, they are nbsent where tlio ?iedimpritarv fcctinn 
is greater tbau 4,000 feet aud were uot formed unilur a cover of great 
tbfcknen. 

Ertent o/<f«itiMlatMMi.— The i&tmBiona are seen to day in varioosstogea 

of denudation aud erosion. At Thunder Mountain the origimil surface 
has beeu carved into abroad peak; at Big Baldy Mountain tiie smooth, 
lonnded oontoor la pireserved on one aide, bnt the other is deeply out* 
by amphitheaters. Barker Mountain ia a bared but as yet almost 
nneroded laccolitli, mliowiiijr the i>vi>:riii;il sniootli. curved upju'r surface 
of the iutrasion. Steamboat Mouuiaiu Mhowct the cover of sediments 
just ent through, exposing a small area of tbe igneous core. Tbe Kib* 
bey dome ia believed to conceal a laccolith: the softer beds have beru 
remove*! from the core, but the dome of Carbonifen)U8 rocks are only 
alightly attacked by erosion. At Skull Butte tbe Meaoxoic rocics are 
not yet pared olT, thongh the center of the dome is deeply trenched by 
a small drainaj^c origiiuiting in this butte. Thus every «tage is seen, 
iToni intrusions still covered by tbe domed strata to those almost "om> 
pletely denuded and deeply scored and carved into peaks. 

The Kibbey and Dry Wolf Creek domes are crossed by streams flow- 
ing iu deeply trenched channels cut in the arch. This peculiarity is 
due, as Gilbert has shown for similar examples in the Henry Muuu- 
tains,* to tbe ftmiHtlon of planation terraces— the work of streams ndial 
fi t. It) the mountains cutting across the soft Meaosoic rocks. As degra> 
datioii i»ro'j:res*»ed the (^arhonifernns limestones of the domes were 
uncovered, aud, lateral corrosion by the stream being checked by the 
harder rook, tbe ohaanel became Axed and a canyon was carved, white 
the dome of limestone was, at the same period, left in relief by the 
general degradation of the region. 

Accompanying dikes or sheeta. — There is a geueral absence of dikes 
connected with these intmaioaa. Only one case waa Ibnnd ct a dike 
that owes its origin t<i a laccolith or related fnrm of intrusion. This is 
on the summit of iticard Mountain. This is iu accord with tlie facts 
observed in the Judith Mountains, but quite different fh>m the Ileory 
Mountain laccoliths. Intmsive sheets are, however, often foond in the 
upturned beds about the intrusions. They are usually nf little thick- 
ness, the larger sheets seen in the range owing their origiu to the Yogo 
Peak center. 

* U«!ol<^- of tbe limrj- MounUlti*, ^ 136. 
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Form of intrxmon. — The intruded inaBses whose occurrence and I 
cbaracterLstics have been snnimari/ed in i\w l:ist few i)af;t>s li;i\ e Imjou | 
referred to as lacoolitba. Their cross sections an* shown in tigs. 43, 44, | 
43^ and 40. fnnmieof tbedettadedlaeiM>l{thBtotbe8iinpIe,«ymiiieMw r 
dome-shaped uplift reali/.ed. All the masses sliow at least a short arc 
on one sidr, along which the strata are brokcti. nnd the igne<»ns rock - 
has risen to u higher horizon across the Irttvtured edges of the beds. t 
Thto is the typical asyminetrio laooolitb. 

Barker Mountain, a cross section of which is given in flg. 4J, shows 
this structure. Uu three sides the rocks are tiexed and arch over the 
intrusion; on the remaining side they are broken and faulted. Asec> 
tion made in a different direction would sbov tbis better than that in 
thp fi<rnr('. whirli is intftHlod to show, not the normal doming ef the 
beds, but the asyuimetrio character of the intrusion. 

The croes section of Thnnder Monntain (tig. 40) represents a diffsr- 
ent form of iutrnsion. It is easy to sec that there may be every grada- 
tion, from the asymmetric lucrolith. wliosi- hick of symmetry is cnnfincd 
to a single side or a short arc of its circumterence, as seen in ground plan, 
to one in whfeb half the circnmlereuee is a llneof fraetnre and fold, and 
from this to one that is fractnred for three-fourths of the periphery, 
if we assume the t-ontnct plane is all fraetnre and no fold it becomes 
a bysmalith — that is, a laccolith in wiiich the arche<i part equals zeio. 
The laccoliths of the Little Belt Mountains are all asymmetrioones, and 
show various gradations into the bysmalith. It is noticetl that the lacco- 
liths arc smaller in an-n than the bysnialiths when the rock is the same 
in both. There are lliree bysmuiithti, vi/: Thunder ^lountain, Mixes 
Baldy, and Big Baldy Monntain. The Wolf Bntte and Steamboat 
Mountain intnisions nri' intermediate in type; the remaining six are 
asymmetric laccoliths of the Barker Mountain type, whde the three 
outlying domes may bi'long to any one of these groups, since iu each 
the intrnslon is oovered by an arch of sediments. 

Tlio common form fountl in the Little Belt Mountains is. however, 
clearly entitled to the name laccolith, being symmetric for the gieater 
part of the oircnmferenoe. Moreover, as stated by Gilbert, if the 
strata had oxperienoeil antertordisplacements, soas to be inclined, folded^ 
and faalte<l, a symmetrical growth of la<-e<)1iths would have been impos- 
sible.'" ("rosK.^ in discussing the laccolith, sjiys: 

In rcgioiu where tiio beds i»r* under or«grapliia atresA almost ur <iult« to the point 
of fiildiBir, m mM/gmm wmild iad lafnuioa on ooftebi plaiMW a eoaipaiBllvaljr tmf 
matter, .^iioh conditions .-ire iUiiNtrated by the 8be«i« in the sprinK of tlie arcli of 
striitn ovfT the laccolith, tig. [ i8], and it at-eniN probiiiilo tliat Kuch orciirrencen aa 
those of the Musquito Knnge and Ti.-n Milo diHlrict, whur<« many of tlie sheets aro 
Intnidfld very myaluly, repreaeut looalitiea where lateral prearare baa already over- 
•oiM Um gfsri^ of tba atfsta t» a gnat sstoa^ and tb* latrnaUin plaaw wwe 
planaa »f vmg parting. 

• (lOoloBr of n«Drjr M«iiolaiD», p. (M. 

* LjHN:«ltt^te ■oantun grou|Mi Jfourteenlli Auu. Bcpk IT. S. Oeol. Survey, Titrt II, IftlS, p. Ml 
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He explains the asymmetric form of the Mount Marcellina laccolith 
by supposing "a line of weakness • • • from axial tension, pre- 
existing fracture or resistance offered by an earlier intrusion — the 
intruding magma would develop this into dislocation." 

These statements apply with peculiar fon-e to the conditions fonnd 




Via. 48. — Profllo uM tiuu through Muunt l(>rcelUiia,wltii lilaalrvntorattuiiof laeroliih andcoTer(Cro«a). 

in the Tiittle Belt Mountaini^i. The common ty]>e is like that of Mount 
Marcellina, given by Cross. Fig. 48, copied from Cross, shows an ideal 
restoration of laccoliths and strata above it, based upon a profile sec- 
tion. If this be compared with the section of Mount Hillers, in the 
Henry Mountains, ais given by Gilbert (fig. 40), it will be seen that the 




Fio. 4>.— Ideal croM mcUoo of Mount Hilim Ufcolltb, Henry MoiiDtaius (Ollbcrt). 



conditions observed there and those supposed by Cross are similar, but 
the interpretation is very different. The Thunder Mountain laccolith 
shows a cross section (fig. 40) strikingly like that of Ilillers. It is 
believed that the facts observed in the Montana region are in accord 
with the interpretation given by Cross. If the right-hand half of the 
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diagram (flg. 48) be reyolved alMMit » vertioal axis, tibe tmMtng ftnrn 
would be the bysmalith of IddiogSf as shown in his diagram of Mount 
Holmes, of the Gallatin Ranpe of tlio Yellowstone National Park (flg, 
50). It is easy to couceivu of all gradations between laoooliths asym* 




yio. M — Ideal eroMMCtion of Mount llolmm byBinalitb, YeUi>w»l<>D<< Niili(iri«l Park (Iddln(«). 

juetric for short arcs of the ground plan, through those that are 
•fltTmmetrio ftr balf tbe c to o am fcwpoe^ to tbe typical bysmalith. It it 
bdifl^ that the little Belt masses preseat aotaia ezamplea of all these 
ftirms. 

Ihe oocorreuue of dikes fllUng flssoxes turmtjd by extensile strains^ 




Vli^lL^iMlMiMNiltaofaarlhmSiBkor i-ittii- Beit Rarii;<^. lutow nhMia iif >>|— ililt 

beeoUtlitoflildoi' i..iihii>^' of ufllft. 



dae to the stretching of the strata over the laccoliths, is a very nncom- 
mon HMtue in the Little Belt Bange, owing, it Is believed, largely to 
file dialjr natnre of the overlying atrata. Tlie pipe of rliyolite- 
poiphyiy cutting the limestone that crowns Bicard Peak is believed 
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to' bo the filling of a fissure due to meh extensile strain. QiQlCfftfs 
hypotliosis of stri'tchin); i-s. however, Imsed upon hydrostatic pressure 
acting uii horizontal beds. If the beds were Hexed or being Hexed by 
mognphfo flmwa, there would not be a straleUDg ct the strata next to 
the la<'coIitIis, but rather a compression, while the ux)permost layers 
of the arch would bo streU-heil, though the well beddc*! stratified rocks, 
being coherent, would tend to fold rather than rupture, like the beds of 
tbe Golomdo locality deacribed by Cron. 

Theory of origin and yirrnliarities of form *>f hic'oliths. — The origin of 
laoooUths, originally treated by Gilbert, has since been discussed by 
Oroos, and lecently by l^irsaon. The former writer shows that relatire 
^'densities of intruding lavas and invaded strata'' are not the cansOt 
niul finds in forces of difleroiit intensity, if nnt in kind, the factors 
deteriuiuing whether the iutruiiion shall be a hu colith or stock.' Firs- 
son/ in a very Inoid and practioal treatmeDt of the subject, calls atten- 
tion to the physics of the problem and the analogy between sheets and 
lac<*oliths. Partictil;tr emphasis is laid upon the viscosity of the intrud- 
iug magma, and in this and the rate of injection be finds the main 
ihetore determiiiing the ebaracter of the Intmsion as a sheet or lac- 
colith, with upward force of magma, gravity, loa<l of sediments, and 
their rej^istance to splitting as other factors. Owinjr to viscosity, the 
force i:i not transmitted as in a x»erfect fluid, and in a sup[)osed instaucei 
where the nagma is intruded b^ween strata when the sheet>like mass 
l)e( <iirios of n rortatn riulius, tlio forro is greater over the supply i>ii»c 
than elsewhere, and the strata arch up. The oonvexity of a laccolith 
is a function of the viscosity of the lava. 

In the saaiie way, It is b^ieved that if the force be great, ft-aoturea 
will occur nTid a bysmalith be forme<l instead of a Inct olitli. It only 
carrying the process a step further, and the bysmalith bears the same 
rela^on to the laccolith that the latter does to an intmsiTe sheet 
Pirsaou ' finds in rapidity of supply of the magma the eaase why stocks 
and not laccolith]^ are formed, tlie mngma "spreailiug out laterally as 
the lateral resistance dimiaishes, rupturing and tearing up the beds 
* * * or under lighter loads expuiding laterally and uplifting beds 
so as to simulate laccoliths when seen from above, but having no proper 
floor." In the writer's opiiiiou. sneli fan like expan.sions are most apt 
to iorm in clay shales and similar easily ruptured beds. 

Snmnaristng the eondlttons determtnlag the natnre of the Little 
Belt Mountain intrusions, we find that — 

1. Sheets nrenrin easily separable, well-bedded strata; Uieintmsive 
rocks are of various uomposition. 

3. Laeooliths occur along planesof eaqr intrasloii (usually betwem a 
solid resistant Hoor and overlying massive beds competent to form 

'L<K'. cit., |>.840. 

*L. V. 1'lr«»oD. in (.ivvlum' «f JutUUi UouoImd*, by W«.'«<1 iin<l I'iTMon: Eigbtowttli Aijb, Kvpt. 
V. S. GmI. Siirrer, Vt. IIX, UM^ 
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srehes) wlun the invading magnift is rdatively'aiUMOiUt benco 

viscnns.' Theoretically thpy should have a larger horizontal arp:i than 
the sheets, other couditiuns being equal. Aaymmetiy of form results 
from loeal weakni^ of the cover, due to one or wore of several causes. 

3. Still more imi^lar lacoolitlis, or those forme cnlled bTsmalitlia, 
wi)1 fnrm instead of true laccoliths when the diameter or the Moenatve 
force is greater, aud heuce otkuses more rapid upUit>ui;. 

These three forais of Intnwion all grade into one another, and are 
similar in that they all are covered by au arch of strata domed by the 
iutrusioQ. Gradations from the h»cc«lith to iho stiM-k v in ,,r. nv whpu 
there is a well-developed liue of weakuess or fi-actnre aluug uue Hide of 
the lacoolitfa. It is merely a qneetion of the ratio of resistance of 
lateral expansion and uplift to fissuriug and ascension. 

In rpfjions where easily separable strata of very unlike character, 
such as massive limestone alternating with micaceous shale, are folded 
by orogenie f<nees, it is evldimt that if molten magma has access to the 
folds intrusions will be easy in the span of the arch or along the slip 
planes on the limbs nf tlif fold. The theoretical .shape of intruded 
masses in the span will give a crescent-shaped cross section, like the 
''sadille reefit" of the Australian ore deposits^ which are strictly analo- 
gous deposits of (piai't/.. This forni of intrusion is. as Tddin^s Ikis 
pointed out, the one to which Suess applied the term bathoiiih — a term 
now geucrally used in a broader sense. Soch meniscus-shaped intru- 
sions have been found by the writer on the sammit of anticlines in the 
Castle Moniitain region south of the Little Belt Mountains. 

Unlike the laoooltths of the various localities hitherto des<-ribed, the 
Little Belt Mountain examples are in a region where orograi)hie folding 
has ooenrred. The 8edimeatar>- rocks cori.stst of well-bedded strata 
resting on An-hean gneisses. Tiie lower nu nihcr of the scries consists 
of UOO feet of shale alteruatiug with thinly l>eddcd limestone, the mid- 
dle member of 1,000 or more feet of massiv« limestone, the upper mem- 
ber of 1,000 111- more feet of shale and sandstone. It is the .same 
•erics which under tectonic forces always formed folds in this rcfrion. 



Sumtmrjf. — lu the Little Belt liauge the observed fa<;ts sliow that j 

the intrusions did not oeenr before the nptift nor after the uplift of f 
the range. The hypothesis is advanced that the igneous intrusions 
accompanied the uplift, and that they invaded those places where 

the orographic stresses furnished piancs of easy entrance, so that the 1 

finee oanaiug the range nplift and the upward pressure of tlie ascend- { 

ing magma worked t<)S«^ther. The laccoliths occur mainly on the flanks 1 

of tlie mountain uplilt because it furnishetl faults or lines of weakness | 

for iutmsion, especially along the outer sides. The presence of the 1 

laoooliths on the northern part of the range only is in accord with the I 

hypothesis of a relatively light load. Where the many thousand | 

*Ijuxmlitlu of baaic rock oc«ar ia tlio Uijihwoad MoanUios of Moiiuiua and rUevbwat btttac* Mt 
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feet of strata of the Belt temue lie iMtireeu the gneisses and the 
^Vuiibrran b('«ls un laccoliths occur. Wljere the Belt becU we abMut 
the iiitrusious had l^n than oue-fourth of the load to lift. 

The aay nuiMtrio character of the intnuioiiei tad the ttitA thai 0ie 
asymmetric side is always toward the o|ien plains, are quite in aooord 
\vit>i tli<> tlieory just f^iven. as the Hue of mouoclinal flexure on the 
ilauk ol the range anticline would also be a line of weakness, which 
I the Moeosive force of the magma, added to the compreeaion and fold- 
I iiig stressra of orographic movement, woald tend to develop into a dis- 
I loisutiiiu. This might readily paaa into » fold npward aud be revealed 
only by erosion. 

aBABAXION BttXWSfiM I«i.CCOLITHa AKB 8TO€KS. 

^ Intrusive stocl^s may show faiilike sections and (lome up the strata. 
I In (giving the conditions which be believes favor tlie formation of a 
1 stock rather than a laccolith, Pirsson mentions the conditions which 
1 the preaent writer believea detennine the formation of bysmalitha— 
f vi?:, too rapid forcing of magma upward tor adjustmeiit of load and 
arching of strata. It is, however, a question how far the £Acte carry 
ont Pira8on>a hnwtheals that ** as the magma aaeenda ftom one hcciaoa 
J to another it continually 6prea<l8 oat laterally as the lateral resietance 
i diminishes, rupturing and tearing up the beds and ran yint; their mate- 
I rial with it;*' or '^diminishing lateral resistance, the lighter load may 
j permit the magmas to aeeic relief lateral expansion, and in ao doing 
I they may lift the lighter beds above them and solidify beneath them; 
I then from above they would aimalate ft laocoUth, but differ in having 
\ no proper rioor." 

The aolt Ifeaoaoie beds which iMPOvail in the Judith Monntatn ezani' 
. ptos are readily ruptured aud do uot flex well, but these formations are 
not present in the Little Belt examplea, aud the observed facts do not 
accord with this hypothesis. 

IHTRUSIVB STOCKS. 

There are three intru'^ive masses in the range which differ in occnr- 
rence IVom those already described, aud are best classed as stocks or 
intrusions breaking abruptly through tM other roeka irith a more or 
less vertical contact. The most northern of these massofl occurs in the 
Barker district, and is a nuAss of rather evenly coarse-grained qrcnite 
. ' about 1^ miles across. But little is kuowu of its straotural ndation 
forther than the foot tiiat it ia later than the Intmaiye abeeta of the 
Tieinitj. Kb oonneotion with the lacooiitha ia known, 

TOOO STOCK. 

In the central part of the mountains there is a chain of peaks extend- 
ing in a general northesisterly direction 13 miles from Yogo Peak, the 
acooud highest summit of the region, to Woodburat Mountain. Thia 
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ebaint to irMoh the mune of xange might perhaps be applied, is geolog- 
IcaUy of very (lifTerent Origin ftim the nioiuttain types of the i-eat of the 
district, and fiiids its nearest known ooantovpnrt ia the Baby Baoge of 
Colorado, described by Cross.' ^ 

At tiie aoatbweet edd of tfaia diaia is a etook whooe oolminatlng 
pointis Yogo Peak. This is connected by nuraeroas dikes with anotlier 
st^ck to the iiortlieasf. wliich is for convenience desif^iuited the Wood- 
hoTHt stock, as its extreme end forms Woodhursc Monritain. Tliese 
two atooke and the oonneothig dikes eonetitate the filling of a great 
break or Assure extending across the eastern side of tlie Little Belt 
Rang-e. The Yogo Peak stock appears to have been a conduit or center 
lor th« igueuos activity of the region; ihe Woodhnrst stock is la places 
• broad dike-like intnnion, bieaking ap thiongh the rooks without 
regard to their stmctnrf, bat at Woodhnrst Mountain is laccolithic in 
character. It constitutes, in ftict, a transition form between a stock 
and the laocolith-bysmallth types. Moreover, the rocks of this stock 
show an essential identity in composition, and even in details of stroc* 
tore, with those df the laccoliths. This ffunis the bulbous eastern 
extension of the remarkable tUsure line noted above. It consists of a 
■Hwa of eouMly grannlar roekSf whose stmctars] relations show that 
it was a eenter of igneous activity. 

The sheets which encircle the center, and the dikes, wliicli show a well- 
marked radial arrangement about it, indicate that this stock formed a 
eenter ftom which intnisions were sent ont In varions direotions and in 
vaiiouB fimns Ibr many miles into the rocks surrounding it. There iSy 
however, no positive evidence to show that it had any direct connection 
with the various laccoliths of the range. The rocks composing the 
etoek sie siso of nnosnal interest, since thegr show a ^stematie giada> 
tion of tyi)e8 ftx)rn basic to syenltie rooko, and this arrangement has a 
definite structural significance. 

General geology of Yogo atock, — The rovks ui the i ugo Htock) together 
with those of the eneirdling sheets and radial dikes, ibnn a natural 
group showing ^'reat variability of composition and strnctare. Tlie 
stock rocks grade into one another, but are sharply contrasted in some 
small closely adjoining portions. The granular nonjiorphyritic types, 
the syenite, monzonite, and shonkinite, occur only in the stock ^d its 
larger offshoots, while the finer-grained ponihyritic rocks occur in the 
Stock and in dikes and thinner sheets intruded in the sedim^taty 
rooks for many miles about ft The sjrenitfo types vary In stmetare 
and composition in the diifcimit occurrences, but the changes in a single 
area are not rapid or marked except at Yogo Peak. A t this locality the 
diflerent typ^ occur in such a manner as to suggest ditieren elation in 
place. It is poMible tiiat snooessiTe injcotions oocoRed, but the general 
naifbmgndation of the types is agahMtthto view. Thwe is no reason 

> Lnceotakte mmuIbIb VMMMBth .AaB.Sa|*. V. S. Owl. Somgri Put II, UN, pp. 

lM-301. 
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to believe that the material ever found an outlet at the snrfiAoe, but the 
atoek appearn to be the site fMNn which not only the great mass of the 
stock itself but ■,\]Mt tTu' lesser mas«t©9 of thoeacirclin'^' dikes and sbtv-ts 
were sent oat. The variability of graiu, the baudiug of some ot the 
muiner portions of the Togo rack, the little included masaee of por- 
phyiy» which seem to fade into the coaraer-gralned rock, aud the other 
variations observed in the field could have resulted fmtn a <lif!ci ctitia- 
tion of the iiiaaa. Tbi» might possibly have diiferentiated before the 
ilDal act of introsion and have been slightly mixed during the final 
movement, as explained in the petrographic report following this paper. 
If this is true, the differentiation observed is a rrsnlt of cuoliiig after 
ii^eotiou. Since uooliug must have been about the same thruugtiout this 
large hody, it must have been one cause of the variation in character, 
since rock strncturo depends upon both tem|»erature and chemical com- 
position. The magma of the main stock would remain molten mnch 
lunger thau iu the smaller fissures, and it is therefore iu general much 
coarser grained. There is no evidence at Togo Peak of very Hue-grained 
or dense rock at tin- contact, and at the time of the final consolidation 
the surrounding rocks, as the metamorphism shows, were undoubtedly 
thoroughly heated, so that very fine-grained varieties were not formed. 

The pori)h3rrieK forming part of the stock and the intrusive sheets 
and dikes may be divided into light t oioit-d fclilsiiatbic iind basaltic 
igfpce. The light-oolored rooks oontaiu a little hornblende and biotite, 
and only the basaltic or tvap-like forms contain angite. The light- 
cdorad addio rocks are cut in places by the dark-odorsd basie oues, 
ami vice versa, and it is therefore certain tliat tliere wei-e I'.uccessive 
periods of frauturiug and of dike filling. The evidence also shows 
Chat the intmslon of the great stock Itself was practically simultane- 
ous, though there may have been several acts of dynamic action closely 
following one another, all forming one great period. When the first 
dynamic action fissured the sedimentary strata the magma at hand 
would fill the larger flssnres and penetrate all the smaller cracks aud 
solidify as sheets and dikes. There is no evidence that the stock broke 
out idong a general syncliuu, which seems to be the most favorable con 
ditiou for the iujectiou of such large masses. That the force was au 
uplifting one is, however, shown by the abundance of intruded sheeia. 

The intriisioTi' of the sheets is ^jencrally jiarallcl to the bcdilin;: of Mic 
strata, except in places where for short distances they may break iicross 
the beds. The assodatiou of light-colored acidic aud of dark basic types 
is oftentimes very close, and sometimes they occur as parts of a coutina- 
oiisrock mass, lint in no case observed is there (fisfinct evidence of differ- 
eutiatiou iu tiie sheets, such as that described by Merrill' in the Gal- 
laUnTalley, and as seen by the autbora of this meinoir iu tbe ueighbuv oig 
Highwood MouDtaiua. The thicker acidic dieetB— from 76 to 100 fteb 
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thick — are Ug^ht-uoluri^d ru^kh, mteinbling tyi>Q6 (X'<curriDg in tbo Togo 
stock. Tfaese sheets sbow plainly tbst in large part they were introded 
at a time of uplift, when the stresses prmluccd liy (1> iiamie tomes aided 
ill the injeotion of the i;r"eou'5 rock. The iiitnidiMl slipets vary greatly, 
both in thickness and in horizontal extent, and present corresponding 
YMMtions io teztore nnd in mineral composition. In the fbinoer nheets^ 
which are from 1 to 25 feet thkft, the acidic light-colored roelcs exhibit 
ft very nil i form liaMt. They vary in texture from dense aphanitic to 
Ane ciyst<iiline forms, and, except in the reiy tbiuuest sheets, they 
exhlUt an abnnduiee of white feldspar pheaoorysta ov embedded crys- 
tals, which spot the rock and give it a tyi)ical porphyritic appearance, 
and Binallcr qviiintitiea of black ferroinaf^no^^ian 'silif ntes, hornblemU* and 
biotite, the relative proportions of which vary in ditlerent forms. Con- > 
flldanible variations in color are shown, and are due to variations in 
the amount or c'haract<>r of tlie pronndmnss and of the jihcnoi rys^ts. 
As a whole, the rocks of the stock and its connected iutrusiuus i'orm a 
very complex group, iutiuiutcly connected in geologic occurrence, and 
they are tiie resolt of a Single iieriod of fgneone activity, forming a series 
exhibiting lioth transitions and oontreata in eomposltioii and in 
structnre. 

The chaiaeter of the intmsion la sncii that it shows that the force 
was great euottgh tofbrcethe magma upward and disrupt the strata 

without greiitly nj^tiltintt the beds, as prrvioiisly mentionod. The maaa 
thua injected is hume 14 or 15 tniles long, by abuut a mile wide, forming 
a continnona rook body, of which Togo Peak is the sonthwestem end. 
Although aooompanied, as stated, by numbers of Hhects and some dikes, 
there lias been no such vast amount of radial fissuringof the surround- 
ing strata as occurs iu the Cra/y and High wood mountains of this same 
general regimi, where the intmsionsof streaks are in the soft Creta- 
ceous strata, with great surrounding /.ones or dikes. This is probably 
due to the harder, more rpsi'^tant character of the Paleozoic V)e<lK. The 
greatest amount of iissuriug of tbe strata ap^iears to be at the north- 
east end, where the intmsion i« connected by dike-like masses throngh 
the sediment-^ with the larpe intrusive niasses of Rchoppe and Sheep 
mountains, which carry the whole line of iutrasious to the uorthetist 
along a great general plane of fi'actnrlng. 

These intmsions appear to lack the depth and masstveness of the 
great Togo stock, since they terminate toward the northeast \Tith a 
distinct laocolithii: xihase of iutrasion, and the rock has also the i>or< 
phyritic structure of the laoooUtbs. And as in the laccoliths, there is 
no perceptible amount of difftrentiataon in i>lace. 

ITn^v f it above the present surface the Yopo stock once extended is 
of course uncertain, but it is dear that a great load of sedimenta abo?e 
it, and probably a oottsiderable portion of igneona rook itself^ have been 
removed. 
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BSLATION OF STOOKS IHD I^AOOOUTRS. 

The basic dikes aud all the dikes found radiai from the Yogo center 
flirebMtolii dhaiwiter, are tlie latest rocks, and cat igniODS jmeks as 

well as the sedimentary oiwa. The minette dikes are beIi6T6d to be of ' 
the sainn plinop the iniiictto sheets, and in sonic Instances at least 
to be directly couuectod with and to form a part of such sheets. 

On the othar band, tba dikes of ansleite-basalt and associated types 
cnt through are later than the laccoliths, acidic sheets, miiiettes, or 
the grauular rocks of the core. They can not, therefore, he offshoots 
from the massive rock of Yogo Peak, bat mast come from some deeper- 
seated sonroe or the stni liquid lower put of tiif s Yogo stoek. Both 
tho ba^ic dike.s and sheet s are found at tu greater distsnces from the 
Yogo stock than the acidic rocks. 

The fiMit that the dikes are the very latest intrusions of the Yogo 
sevisB is la aooord with similar observations made by the author els^ 
where in Montana. It indicates that the final forces prodnopd a fls- 
snrtng of the rocks a^jaceot to the stook. The analogy with the hot 
springs of TeUowstono Ifatfooal Park Is worthy of notice in this eonneo- 
tiou. While the hot waters have a free outlet they build up a moond 
aboatthesprint;, linethecondaitwit)! Jipnlcareousdeposit, and, penetrat- 
ing every fissure adjacent to the conduit, tend to fill it up with a firesh 
deposit There is thus gradually Ibrmed a deflaite oondnit with solid 
walls. When deposition arches over and conttaots the outlet, as is 
often the case, tho wattr level is raised to keep pace with the building 
up of the deposit, uutil finally a level is reached where overflow all but 
oeases, and the rapidly fbrming travertine covers over and sometimes 
completely closes up the spring. The gases of the spring waters thus 
confined, tojjether with an inpreasod head resulting from the accumu- 
lation of water due tt> hutk uf outlet, make a gradually accumulating 
ftvoO) whieh, IT it can not break a new outlet ftom some point in the 
condnit -walls, will split the formation about the spring in radiating 
cracks, which generally extend far enough outward to give a much 
loww outlet fbr the water and thus renew the life of the spring. 

lOBOKT OP DIKE FOKMATION ABOUT lOMiSOUS OSNTS&S. 

If we suppose that au igneona magma, under pressure, penetrates 
between sedimcutary beds to form intrusive sheets, or raises Utem to 
make laccoliths, then ehlUs in the pipe or central stock, but remains still 
liquid below, the result of such intrusions is to strengthen the sar- 
rounding strueture and to make farther intrusion!^ as sheets more difli- 
cult until the acoumalated pressure brings about a final ruptoriug of 
the area a^aeent to the center of aetiviiy, with aocompanying intmsioa 
of the difiVrentiated magma, the regulus of the fluid, into these fissureSy 
filming dikes, l^his, in faot| appears to have taken plaoe at Togo. 
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OHAPTBR Vm. 

NOl'KM ON THE OBi: DEPOSITS OF T£IE ULTTLK UEL.T 

UOUlTEAIire. 

HISTORY AND DBVELOPMBNT OP MINING IN TUB RSOION. 

The first recorded discovery of valuable deposiUi of the ))recious 
metals in tbe Little Belt regfou wae made on October 21, 1870, at 
Barker. Several extensive bodies of rioh sllver-beaving lead carbonate 
were fonnd in fhiit di-itricf, nnd it became a producer in 1881. Tbe 
same year tbat the Barker deposits were discovered the discovery of 
gold to the aliiiTial gravels of Togo Gnleb resulted in an iamsli of 
fortiiiR' seekers to that locality. The attention thus directe<l upon the 
I 'tT'c Uelt Range resulted in the general exploration of tbn mountains 
ill tins and succeediug years. The oarbouate and silver-lead deposits of 
tbe Wolf Oieek district, north of Togo, were developed, andr many bnn- 
dreds of IihIc <-l:iiins were staked ont in various SRctinna of the range. 
The >'eihart deposits, discovered iu 1881, attracted relatively little 
attention at firsts but have proved the most valuable and permanent 
eoQTceof wealth of tbe entire region. The total prodnctiou of the dif. 
ferent camp«« run not bp piven, nnr is it possible to give that of any of 
the separate districts with any degree of aocoracy. The entire product 
of tbe Barker andNelbart districts ibrl]»2 was only $05,000 to 970,000. 
That of Neihart up to 1808 is estimated at $2,140,000. In the year 
1883 muiiiii,' development reached bijjh water mark in all but the Xei- 
bart district, where it bad just begun. The eiibaustioa of the bodies 
of rich carbonate ores resulted in stagnation and in a period of wait* 
ing nntil railroad commnnication was establiahed. But little devel- 
opment work was done, though it was very generally Iteliered that 
a rapid revival would follow the advent of the railroad, in 1891 a 
branch line of the Montana Oentral Railroad (now part of tbe Great 
Northern line) was built from Great Falls to Neihart and Harker. and 
another "boom" period bepfan. The well detitied veins and rich ore 
bodies of the Neihart regiun uaturally directed especial attention to 
that district, and extensive development of mines and tbe nsoal mnsb- 
room pvowth of a mining town followed. Since that time the history 
of the mining development of the region is practically that of Neihart, 
the Togo and Running Wolf districts having been but small prodnoera. 
Since the ewe bodies first discovered proved limited in extent, sufBcieot 
development work has not been done to prove either the valne or the 
wortlilessuess of the properties, and they have been idle the larger part of 
SO OXOL, PT 8 38 401 
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the tinie. Local ezeitenietit wer di«cov«ri«« on King Oioek, Tend«t^ 
fbot and Pilgrim creeks, Tiger Butte, Sage Creek, and other localities 
proved short lived, and though small amonnts of ore Imv© been packed 
out from various claims in these districts no producing mines have been 
devoloped. Up to the present time the geologle work reveals no aacb 
well de6ned veins as tliose ol Xeiliarr. the depoaita being mainly along 
contacts or associated with igneous intrusiouK. 

The prevailing inactivity, outride of the Neihart district, has made it 
difficult to obtain valnable data about the ore defNMlte. WbecoTer 
tlie workings -were accessible they have been visited, but in many 
iustaoces the surface geolo^gr and each facts as c^uld be gathered from 
an examination of the evee and damp heaps, together witii the infor- 
mation given by persons familiar with the region, are all tlie data avail* 
able for tliis memoir. MoreoviT, it slmnlr! rpnipinbered tliat the 
gathering of information ui>ou ihc ore dt^pubits was merely incidental 
to the anrvcgr of the areal geology of the mountains on a 4*nii!e-to-the- 
inch scale. Though the work was not in any sense a detailed study of 
the ore deposit* of tht^ refjion, it is confidently believed tliat tlie facts 
presented will be of general interest. As an account ot the general 
geolc^ of the region has already been given, the following pages are 
devoted entirely to a description of the ore de|M)sits. The Xeihart dis- 
trict, the |»iiiu'i|>al producer of the region, i-* first descnbed. Tliis is 
followed by uotea on the Barker district, the iogo district, tbe Yogo 
sapphire mines, and the iron-ore deposits of the region. 
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NBIHAET DISTRICT.! 
DISOOTEEY AMD DBTBLOPMBET. 

The ore deposits of Neihart were discovered in July, 1881, by a party 

of i»ro8pectorsfrom the neighboring town of Barker, and the first claim 
that was located, the (jneeu of the Hills, is still worked. The news of 

•MiMUiw^iataiat, ttiMitMdatd, of UBttadSMtM LwdOMc*. 
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the d li opyery soon reMhed Barker, when sereral parties started for 

thA locality, and alflSfiB nomber of claims were staked out in the first 
few weeks. The camp was named aft»'r I. L. Nciliart, but the district 
was called the Montana district, and has never been otUcially organized. 

In 1882 a ima]] Betttement bad sprang np, a wagon road waa out 
tllioagh Ui White Sulpliur Sprin{;8. and siiuill amounts of rich ore were 
paokttd on liocaebaok to the Baxkw amelter. Ihe first mine to be 




Flu. 52 — Map of Nrihart district. 

developed by outside caintal was tlie (1 alt, bonded by Governor Ilauser 
in 1883. In that year the district was visited by Prof. VV. M. Davis, 
of fhe Korthem Tranooontinental Survey, and in April, 1884, Prof. 
J. S. Newberry visited the campou behalf of capitalists, who ])onded 
the Moantain Chief. The year 1884 was a lively one for the new camp. 
The Qaeeu, Gait, Ball, and Mountain Chief mines were being actively 
developed and bogan shipping ore to the Omaha amdter. llieee ship- 
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menta netted the owners $aoo n ton, after deduotingr #100 per ton for 

freight and treatment. Tho Mountain Chief was pmcliivt*,! f,,s- $18,000 
by the Hadson Mioiug Coinpauy, which speut over «flO,OUO in develop* 
iiig the propertSTi and a<?f]nired a group of six clafans. The ehanetw 
of tbe ore nnoovered by these workinips led to the building of m con- 
centrator and smeltiT by this rnnipanj' in 1885->i((. About 1,0(M) tons 
of ooucentrates and $50,000 to ji<^GU,OUU worth ot bullion were mada. 
The irorlcs dosed down in 1887, owing to the exhanstlon of the rich 
surface ores and to the encouutering of ores at slight depths carrying 
but 15 to 40 ounce?? of silver. It was fouml dirtif ult to wnoentrate this 
ore> the tailings being, I am told, as high as 0 to 15 ounces of silverf 
and as large suns had meanwhile bsen expended In iinprodactiTe 
development, the enterprise was abandoiieil. 

In April, I '^Sa. a pronp of claims acquired by the late Colouel Broad- 
water were consolidated to form the Broadwater miue. This property 
was vigorously exploited for a few months, but the ore bodies opensd 
proved disapijointing to the promoters, and work was soon suspended. 
These two fjiibires prave the new camp a decided setback. Transporta- 
tion was costly, low-grade ure« could nut be successfully mined; so from 
1887 to 1800 t^e camp was dsserted by all bnt its most sangnine men. 
In 1S90 the btiilding of a railroad lino to Tireat Falls wa** assured, and 
a new era at once began. People tlocked in firom all over the State, 
buildings sprang up like magic, a large number of mines were bonded 
and sold, and mining development was actively carried on. The rail* 
roatl was completed on November ir». !8!»1, irivitif: eheap transportation 
to the new siuelter at Great Falls and to similar establishments else- 
wherCb The result was that development work had progressed so fur 
in 1803 that a number of properties were in a condition where a steady 
output was assured, when the price of silver took its final ilroi* in that 
year. It came like a thunderclap to the little camp. Work was sus- 
pended on all bnt a few mines uni^l something of the Ibtnre was known. 
From this blow the camp has not fully recovered, though the rich ores 
of the Florence, Benton, and r!ij: Seven mines were profitably worked 
despite the low price of silver, more especially as those ot the two last- 
named properties earried high valaes in gold. Before the drop in sil- 
ver, in this same year, exploratory work upon the Broadwater mine by 
it« new owners had developed largo bodies of ricli galena ores, and this 
mine has continued to produce and ship ore up to the present time. 
From the figures given fer various mines ttie total prodnctlon of the 
district up to 1898 i- . ■riirnted U> aptrre-^afe J.(>OS.n(Mt ounces of silver, 
<?800.000 in gold, and 1U,UI)U,(HK> jKiundsof leatl. As the ores have been 
very largely shipped outside the State, and the properties have changed 
hands several times, absolutely reliable returns could not be secured. 

Wliile a large part of the known area of the district has been pat- 
ented, there is reason to believe that development of the ctuup has just 
begun. Very few of the veins known to exist have been explored. 
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Where tanndi hatn been driven if any, nprataes or erdoaentfl lift ve 

been made. Discovorips In 18!>7 nf rich ores on virjrin jjinnnd on 
Mackey Creek, ot the exteusiou of the veins into the quartzite hitherto 
believ^l to be barren, and of tbe exintonce of Heh orea strntii of Bells 
Oieek ahow that these places have been overlooked in the past. The 
eteep slopes are admirably adapted for t !n ilevelopment nf mnm- of the 
vaiiia hj adit levels, and this system is^ generally followed. Cooperative 
working of several veins by a oommoA level will nndonbtedly oheapem 
development. Wat«r (tower is abnndftnt and elose at hand, while the 
coal mines of Kelt, mily 40 miles away, insure a supply of cheap fhel.. 
limber is abundant and near at hand, though large mine timbers are 
relatively scarce. 

The leasing system of workings has been adopted in a sroiUl way 
and is likely to become a powerful factor in the dcrolopmetit of the 
camp. At present tbe rates are based upon an assurance of i3 for a 
day*8 work, a royalty of 10 to 15 per cent heSng exacted. The equitable 
system in vogue in Colorado of a dpnnite and signed contract, with 
slirtintj scale of royalty accordiiiir to the value of the ore i»roduceil, 
secuiH H sure way to develop luauy properties now idle into paying 
mines. Oonoentntloii of the low-grade ofos now thrown aside mast of 




Fm 5^. — Niirthrvt ^tuoatbeaot aeotton actOM Nclliart di.itrii't. Cli, <_'ftrnliri:>n, liarkfr furiiui'.inn ; 
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necessity come soon. Several attempte have been made of lata years 
to build works for this putpoee, bat so far without success, yet even at 
the present price of silver the future of the dJatriot is thoaght to be 
brighter than is generally believed. 

SHB OBIS. 

Qmeral na/tirs.— The ores of the Nelhart district are all silver bear- 
ing, and a larpfc pro' iortinit of t1n'M> silver-lead ores. In the product 
of one or two mines gold forms an important constitueot. In most of 
Uie ores it oooiirs in quite instgnifioant amoonts. The amomit of lead 
varies ill the product of the difl'eront mines. It averaged between 7 
and \Z> per cent in the shipments made from the jirincipal mines for 
several years, in those mines producing the richest ores tbe amount 
of lead is too small to appear in the smelter retams. Zino is present 
in all the ores,eBpcdaIIy in those high in lead, and in the latter it often 
exce«'d9 the 10 per cent limit allowed by the smelters, ('opper is often 
present in small amount, and the richer ores also contain antimony and 
a smaller amoant of arsenie. Tbe veins show bat a relatively small 
amount of snperfK ial alteration and have yielded but little oxidized 
Oires. The silver-lead ores are asiiaUy " basio;" that is, they MS not 
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aQioeoas, bat Itave a gangae of earbonates. ThA liob, '^diy'* sUvwr orea 

gOaeittXly have a siliceous gangue. 

Mineralogic character nf the ore. — ^The cotnmon type of ore oonsti- 
tatiug tbe ore shoots of the Broadwater, Galt^ Jfevada, Moultou, aud 
Qaeea mines and maktag ap the irreater 'part of the ore ahipiMd from 
the district oousist.s of an intiinate mixture of giilpnii and aakerite 
"spar'^ — a mixture of lime, iiiii>^nesi,i, iroii,aud uiuugauese carbouatea 
with silica. There is also some heavy 8par (barite), pyrite, aud blendOi 
The dry or rich silver ores oonsist of polybasite (locally caUed brittle 
jdlver), pyragyrite, and quart/, with small nmouDt» of galena, pyiltO) 
ehaloopyrite) sphalerite, aukerite ^'spari^aud heavy spar (barite). 

Galena (lead sii1i)liide. PbSi. — This is tlio most eonimoii ore mineral 
of the vein, aud it forms the bulk of the great ore bodies thu^i &r mined. 
It occurs massive iu the ore shoots, in disseminated grains and small 
maeses throagh the lean ore. The maaslve ore varies in grain from 
finp to poarso. bnt it is seldom that the cleavage »urfa«'ps pxcct'd a half 
inch across, iiarely the ore breaks iuto cube« an inch or less across. 
Galena also oeean in weil-dereloped ciystals irith the qnarta and 
other minerals of VllgS. In some cases well-developed crystals one* 
fourth iiicli ucrosH appear coated with a soft motallic substance, and 
the mineral beneath is not so brittle as ordinary galena. Crystals lin- 
ing reoent water eoniaes show a dalt snrAMO eoated witb an andeter* 
mined material. It Turiea greatly in silver contenta, from less than 1 
ounce up to 60 or more ounces per ton, aud there neems to be no rela- 
tion between the coarseness or fineness of grain and the amount of 
diver in it. 

Pyrite (iron sulphide, FeS.). — This mineral occurs in nearly every 
vein in the district, both in the quartz and in the altered country rock. 
It is as common as galena iu most of the ores, but is usually most abun- 
dant in the poorer varieties, ft ooears massive in the vein filling 
as well (Icvcloped crystals on the surface of vngs and disseminated 
through the altered country rock of the vein matter. It is commonly 
pale in color, and in the mii^sive form is intecgrown with blende aud 
sometimes with galena. On the snrface of vugs the massive form has 
a spougy, crystalline surface, thonjjh solid wcll dcvcloiH d crystals also 
occur. In the altered rock of the vein filling aud walls the crystals are 
Blimite, but perftet and of normal enbical forms. 

JSlMdS (sine blende, sphalerite, /.n3).>-SphaIerite is an extremely 
common mineral in all tin- veins. The cotnmon variety is dark brown 
in color and ha^ a resinous luster. It occurs iu all the veins and is 
oloeely associated with galena. It Is always crystalltne, bat osnaily 
massive in the primary ore. Where it is of later formation it occurs in 
well-formed crystals lining the open sjiaces or vups of the veins. Some 
of these crystals are honey-yellow or greenish yellow, transparent, and 
■how InatrooB Ihoes. The massive variety is dark brown, sometimea 
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atanoft blaek, and though it oooMioBftUy Ibnos a conaldenkble praportion 

of the !<T'' roii^titnting the big ore shouts, and iiuTcases the cluirpes for 
smeUer treatmeut, yet the niiuers regard it with favor, as it is curreutly 
believed to acoompany rich ores. No tests have been made to deter- 
mine whether it is silver bearing or not. 

Poli/haslti I sti]|>liaiitin)onide of silver, 9A<rS. As.S copper ntid 

ziuc replacing silver). — ^Tliia contains 04 to 72 per eetit ut tsih er. Tlie 
brittle sUvor of theNeihart minera is not stephanite, bat polyba^ite, 
and forms a very iiiiiMirtant constituent of the ores, being the most 
common of the rit h silver minerals. It occnrs both as a doul>tful pri- 
mary ore mineral and as a product of secondary enriduneut of the sul- 
phide zone. Aa a possible original mineral it ocoam in orystalUne 
masMB, showing a minntely rongh firacture, and is without oi^stal out- 
line. In color it is a steely gray and resembles gray cojiper ( tetrahe- 
drite). It occurs intimately associated with galena and blende in ore 
from the Big Seven, and iritb eopper pyrite in the prodaot of the Flor* 
en< L' mine. It al^n occar'5 disseminated 
through the altered country rock of the 
vein matter in some of the otJier mines, 
lunally in cobweb-like films on miiiate ftae* 
tnre pbiies. Its most important occurrence 
is, however, as a product of secoudaiy 5*.-trv«t«mD|> fon« or poi,j». 
enrichment of the primary ores. It forms 

well developed crystals in open cavities, but the crystid faces are nsa- 
ally dnil. Prof. H. L. Penfield, who has kindly e\:uiiiii*Ml for me the 
hent specimen «tbtainable, has furnished me the following note: 

Ute crj'BtalH, owing to the nncren natora of the fucm, were not well iidapted fbr 
cryHtalloKntphic mea-urenu'iit. They appear ii> t! siili i1 t;il)li ih, wiili ti ian^^ul.ir 
miu-kitig* upon lUe l»s«al planes, a ilevelopoMDl whivh ia very clinracteristic for thia 
■pMlflB, Tlifai fkmn !• vwy doM to that afaown in 6g. [M].* The matarfal |r»T« a 
•tfglii reaetioB tar ane&io and a dectdad teat tot aotlBumjr and silvt-r. 

In rare instances the mineral forms an open network of crystals v hose 
surfaces are covered by a grattular coating of a purplish and green 
hridescent snbstanoe of andetermined oomposition. In the smaller 
cavities it occtirs coating quartz crystals, and as si)ecks or nunut« 
crystalline agfrrerrates on barite tablets or other minerals. In mo^t 
instances, however, it occurs as crusts upon the original galeua-pyrite 
ore in small open flssnres, or filling minote fractnres in this or the 
alt( If d t ntintry rock. In sncli eases it is usually massive, rarely show- 
ing triangular tcrrncing, more often coated by a sooty substance which 
is an extremely finely dirided form of the mineral mixed vith earthy 
oxide of manganese. It is the ehief silver mineral of the Big Seven, 
Benton, and Florence ort»t. 

Argentite (silver sulphide, Ag|S). — ^This lias been identified in min- 
eral odtoetioDs of the Keihart ores, but it is not a oommon ooostttaeat 
of Uiem« 

■OqM fin A». Joor. ScL, 4tli atriM, Tirf. XI, p. aii Jaly. uat» 
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Stej^mnite (brittto bUvw, salpbantimouide of silver, 5Ag}S, SbiS,).— 
This contains fiS. 5 perwnt of silver when pure. This mineral, which 
was sappoaed to be of very commou uccurreuce, proves to be quite rac^ 
th« material idstalcen ftr it being poly basite. So ikur aa known it doei 
not oooor in well-formed crystals. 

Pyrargyritc {dark rnby silver, antimoiiial silver .sulphide, 3Ajr..S, 
SbiSs). — This coniaiu6 W per oeut silver when pnre. The dark-colored 
raby flilTer is a oommon mineral in the rieh aUTOr ores. It te nsnally 
associated with polybasite, and in these ores is generally of secondary 
origin. It is found as grain!<i scattered thrnufjli vein quartz, and also 
in orystalliue dastersi wbich rarely show well-formed crystals upon the 
snrfaoea of the Toga in the vein. 

Xatire silver. — This is of common occurrence in the oxidized zone of 
the veins, and where the iiyrarpryrite bus bwn subject to alteration. 
It occurs in the usual hair-hke form, and as tsoVid uiatisua having a 
fltMPona straotnn. 

GohJ. — Free gold is reliably reported from the Big Seven ores. Tlie 
quartsite ores of this property contain oxidized molybdenum, but no 
mineral is visible to the eye. 

Cftai0opyH(e (oopper pyiite, OaFe8t).~Some of the vaina ouUtain tliia 
mineral in rich ores, where it occurs mixed with polybasite. It is, 
boweveri of rather unoouunon ocourreuce, and has not been noted in 
the ore extracted from most of the mines. 

Pyromorphite (lead phosphate). — This has been obaerred in only one 
locality, ;i mine in Narrow Gauge (iulch, where it oecurs in films and 
clnstei\< ul liitle crystals, coating a rusty iron*staiued quarts. It is a 
bright yellowish green in oolor. 

0AX01TX itmnui«. 

Quartz is an abundant mineral of the veins. It is generally coarse 
grained, slightly turbid or white, though not the tyi)ieal milky-white 
quartz commou in some districts. This quartz consists of iuterlocking 
graina, and qoite eommimly shows transltio& into a well-deflned oomb 
structure. In the cavities and lines of vugs, which are often found in 
the vein, it forms typical comb quartz. The ores also show small cavi- 
ties lined with quart/, crystals. All the other minerals occur as inola< 
done in qnarta. In some easea the quarts ooata a crfptoorystalline 
form of siliea, which i.s best classed as clialoedony or opal, whose 
minute concentric banding and the frequent presence of a central 
nucleus of altered rock show its formation by metasomatic replacement 
of the oonntiy rooli. This leplaoement of quartz and ohaleedouy ia 
not prominent, however, though it is believed that tlie bMldiOg of the 
veins is in part due to such replacement. 

StrieiU (white mica).— Thia la extremely eommon In flie altered oonn< 
try rook of the vein and ita waUa^ but occurs in snoh minute scales aa 
to be Bcaroely visible to the eye. It is this mineral which imi>art.H the 
greasy feel to the altered rocks and which constitutes the chief con- 
stituent of the '*dayB*' enoonntered in Ito nine wwkinga. 
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Bartte (heavy sp«r, Ba804)^T]ija is a oommon gangiie nliMra], 

though not 8o abiindaut as tlio ankerite "spar" noted later. It is 
commonly a pure white, lustrous mluernl occurring in tabular crys- 
tals ia the richest ores or in massive forui iu poorer ones. The platy 
erystftlB mnietlines form aeptate inaaaeo, willi the InterapacM filled by 
ore sulphides. In the drusy liiiiTig '>f vut:.-* it occurs in pale-yellowish, 
well-developed crystals. A speuimeD Irom the Florence miue hm beeu 
•todieft end figured for me by Mr. H. H. Bobioaon, under the direotion 
of Pro£ S. 1^. Penfield, of the Sheffield Scieotifle Sehool of Yato Uni- 
versity. Mr. Robinson ftirnishes the following notes: 

In the lNurit« from th* Floteooe miD« at MotliMt tbo liAbil of tb« orystels i» tab* 
niar, wliuli !• cobumii wlfh Ihia •peelM^ tl» ImibI pUnw « <001), th» pzirnn m (110), 

au<l the pyraniM z (111) being tha promineut faic«. F;ii cs of the brachvp:- i r-oid 
ft (010), tbe brachydome o (Oil), and th« macrodiiuii: I ilOi), altbongb .small, mn 




•IlDMtalways preaent, as shown by fig. [55]. Oa a few of the crystals the maondOTM 
i (ICS) Mid tba prism n i'SM) w«m obaeryed^ M abowQ by lig. [S6], whieb reproimnto 
■tiMt eoracr of • erysul ahowl&f tbaw fiwnw in eombinntion wtfh Ihm Ams e, m, and 
#,previoaaly OHOttOMd. 

Ankerite spar. — The most abundant {ranprne mineral of tbe ores is a 
white or very pale brownish or piukish, coarsely crystalliue substance 
whioh upon ohemtcal aaalysis proves to be a tnlxtnie of lime, irou, mag- 
nesla) and manganese carbonates. In the small ciivities of tbe galena 
ores, and rarely in the larger vufrs. it is seen in rosotte like aggregates 
of small rhombohedral crystals, but no well formed crystals were found 
available for measorement. Anatyses of this gangne mineral have been 
made by Dr. H. N. Stokes in the laboratory of the United States 
Geological Snr\ cy. Analysis I is that of the pale-brownish or oream* 
colored material. Analysis II is of the white mineral. 

AnalyM* of carbonate ganyite mtMtnt (amknUt ipar). 
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The insoluble material oonnsts of quarts and metallio sulphides. 
Beealcnlatiug tbe analysis and leaving oat this imi^iirity, ve get the 
proportions given In Columns la and lla. 
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The compositions givpn do not correspond to thosp of any ono min- 
eral species, bat as Hiderite, dolomite, aud rbodochrosite grade into 
one auotber, it is probable that the two minerals belong in this gioup. 
Ab tbe material is probably variable in composition, and may be a mix- 
tnrc and not a (lefmiU' miner: ! species, the miners' rrame of '* spar"' is 
used for it. la tbe leau ores it is tbe matrix in wliicb tbe metallic sul- 
pliides ocoar. Botii t&ls ip«r and the nlnenl gniM in it aM oat by 
tbin plates at heavy (barite) and by strings and fitns of quarts. 

VAiuosxasii. 

The association of tbe minerals with one another and tlieir order 
and mode of formation constitute parageuesis. Eacli of the minerals 
found iu tbe ore oa-ur uf dilTereut generations, and most of them uot 
only as coostitaents of the origtaal or primary v^n-fllllng, but also 
of later formation, filling crevices and fl actnres. This is clearly due 
to recent circulating waters altering tlie original vein cotistitueiita. 

Tbe relative order of crystallization of tbe minerals is stadied to tbe 
bsst advantage where the ores show snooeflsiTe *<onisto" or bands of 
mineral, or where crystals of one mineral occur upon the crystal faces 
of another. Tbe first arrangement is uot usually well developed in tbe 
K<dhart ores, bot may be seen in seTersI Teins where tiie T^a matfiw 
consists of fragments of country rock, cemented together fay tlie Tein 
filling'. Similar crusts are also observable along vng lines, and even 
where tbe cavity is completely lilled tbe crusted arrangement may be 
uppui ent. It Uf of course, only in the open eavitles that the crystals 
of one mineral sTS fooud upon theerystslfiioeBof unotber. Where the 
vein minerals oecur massive or show only poorly defined streakinfj it 
is often imiiossible to distinguish the order of formation by a study of 
hand spedmens alone, and a eareftil mietosoople eauunination has been 
made of thin sections of tbe ore. 

In the primary vein fillitifr pyrite appears to be the earliest-formed 
miuerul, fulluwed by blende and galena. Specimens ut' trusted ores 
from the Big Seven mine are illustrated in PI. LIV, A. While the ore 
is (luartv/ise and somewhat diflerent from the more common ''spar" ores 
of tbe district, tbe order of mineral deposition appears to have been 
nearly tbe same in tbe diflerent veins. The specimens Ugured show 
the following sequence of depoeition, beginning with the oldest: 

1. Quart/:, rintially fibrous, ciystaniric, with .1 1ittl<i scattSNd JiytlM. 

3. lUentle, with Bome )>>rite; loruiiug a mawlvc layer. 

S. Ulxlawof gal«ll», pyrlt«, and qoarti, wifk scattered grains of blond*; atiowiug 
rade liandtBg ; a UttlA b>rite alio ooontt. Cryitalt of saleaa pn^ost into iMgvt 

above. 

4. Front in;: <if .ip:t<|n.- \Uiito quarts fn itoiit o^stalM. TIm pyzlto erjstala of N«i. 3 

project up tUrongb tbu craat. 
5* PotylMMitat MOMMiBei nfamd wldi pjrMgyrlce. Filling of iutentlOM lMSw«ett 
qnarta etyitals, spaekiag on oijmtali (nnly good eraato). 

*An1UHllol* atamnMMl byaofue writcm !Vir ^ri< IianiixtaraufcarbtnaMaiaBAtttoWMalatlNnflM 
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Polrbaaito aad 



PyriU. 



□ 



Quart I. 



ooonrnooe of mlamto ta enacts 

of Bl|t Swven vein. 



In otber spadmeiis the layer IXo, 4 is developed ttod oonefaite 
of quartz witb meaeee of ii^to. In eome euee the minerale tatm 

individual layers. 

Fig. 57, which is drawn from a Hpeeitueu of ore from the Big Seveu 
intDe» lepreaeDte » erose aeotion of the Utile quarts vetn" whieb eon- 
•titntee the high-grade ore streak of the lode. The figure shows the 
retatire abaudanoe and aaaooiation of the minerals, but does not repre- 
sent the spongy tex* 
tore of the poiyba* 
site and its intimate 
admixture with hoth 
galena and pyrite 
(ebaleopyrite9), as 

this growth is too 
mossy to be repre- 
sented well, and the 
mineral is therefore 
indicated as poly- 
basite alone. The 
speeimen seen in 
thin section shows 
ruby silver and i>oly- 
basite iiitiiuately associated together and forming irregular, shreddy, 
and ragged patches. No posittve identiflcation of galena as the 
nncleuH of such masses was made, but tte association with galena is 
rupIi as to iiidifiite a jjossiblc rliaiicrp to polybasite. The i>yritf is 
broken and fractured, but the grainn are always sharply detiued and 
no genetie relation to the silTer solphides is reoognlsable. A blende 
erystftl seen isolated in the central quart/, fllling shows in thin section 
a crnst of jxilybasite, the latt«r holding iiiimite inclu- 
sions of pyrite, as shown in tig. 58. The blende seen 
in another section 'of sneh rich ore is invariably sor* 
rounded by a «lark crnst which is not iron oxide, nor 
does it npiM'iir to be an iron-rich blende. It is not defi- 
nitely dctenuiuable, but resembles galena or a silver 
snlpbide. 

Another little quartz vein an inch across, also in the 
Big Seven mine, shows walls of ipiartz radially arranged, 
with the center filled by irregular grains of blende and 
pyrite held in a qoartz filling. The solphides are seen to be parts of 
shattered and brokci) {grains. The fragments, thoiifrh separated by 
quartz, show faces tittiug together, but more often are too moelk 
broken to show similar indentations. The blende was evidently 
formed before the pyrite, bnt oontinned to grow during the forma- 
tion of that iiiiiicral, which is now seen in sao-sbaped enibaymeiits in 
the blende and superimposed upon its faces. In general, the pyrite 
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does not aboir eryttal outUfifs, bat the Ime^Uur. ibrm diM to ftMCme 

and cleavagp, Tbe blende also shows fractarc. bnt tlie borderolMV6 
been sollteued by oorrosioQ daring the period of qoarU illliug. 

An examination of mmiorons spedmens from tbe Florence and. Big 
Seven mintm abovs tbat while polybMite is i)088ibly a conetitoeikt of 
the primary ore, its more common occurrence, like tluit of pyrargyrite, 
is a« a secondary mineral, tiUing oavitie« and craclis in the original ore. 
Tbe material gathered firom the loweet level of tbe Florenee mlneahowa 
polybasitc in Uie fonn of crystalUoe tablets upon barite and other min- 
erals, antl alHo as b moss like mass of opon skplpton toxtore wMcb 
seems to represent arrested deposition. The latter form is believed to 
oome from a place in tbe vein where mineral-bearing water is now 
depositing; this mineral, together with spar, quartz, and probably galena. 
Studied nnder the mirroRco]»t' the poiybasite appears to bo an :i]t*'ra- 
tion product ot galena, and it-sclf to be mixed, with and to grade into 
pyrargyrite, which is in some oases its nndonbted alteration prodnot. 
It is certain that polybasite, as the important constituent of many of 
the ores, is of secondary origin. It occurs on all other miueralflt And 
is iltwlt' uot coated or dotted by tiiem. 

Thin sections show that the barite seen in the ore ooenxs in fraotorea 
of the origriual spar. Snch fractnies. cuttinj: across spar crystals and 
shatteriug pyrite grains, sometimes show one part of the fracture filled 
by barite, Witib qaartx filling beyond on tbe same line. In the little spar 
Tdns of the Ingorsoll mine the metallic sulphides occur mainly in con- 
nection with quartz-filled frarttires of tlie spar. stinMv the barife in 
easily distinguished from tbe spar by tbe unaided t-ye, by its whiteness 
and its lostttr. 

Sphalerite also occnrs in well^formed crystals in some of the Tnga, 

and iK one of the most recently dpposired ininerah. 

The products of superficial alteration — that is, oxidizing action — are 
those common to silver mines. The pyrargyrite altera to native silveri 
tbe galenn to pyromor|)]iite, oerasite, etc These changes prasent no 
featureM of f'spwjal interest. 

Snmmarizing the mineral composition and mineral associations of 
the ores, we ilnd: 

1. Tbe common type of or< <>f the T«ina conBisU of galena nnd Bpar. 

S. The rich ore« of * fnr t«Ibs oontein ihalr ebM valoM to polybwiito and, atom 

rarely, pyr&rgyrito. 

S. Tbe primary a lmd uiiiuTnlr* an- ]»yrite, Moudt:, xalona, aud n iiiixturoof CBrb<iuat<'M 
o«U«d «par f chalcopyrito and in some iuatauoea quartz are of doobtAU primary 

4Wt|Sfll. 

4. The nboire minerals all ofonr of soenndaty fi>rmrifii)n ; tli.nt is, are latw than the 
IJiuiiiiry ore. The ])oly busiUi aud pyrargyriU) are of cMJcoiidary origin. Barite 
ia enpedallycontniiiii in tbeae seooBdSiy OMS. <|aatte OMmtiMf tewel gtMia* 
tioiw •od i» of latMt foruMtioo. 
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VAhVU or THI OBM. 

The valaes vary greatly in diflerent veins and in the same vein. The 
gatona one, wbieh form tlie balk of tho ore aihipped, aomotimea csiiny 

60 to 70 ounces of silver and sometimps ns low :is 10 to 12oniirf's. The 
average sbipiueDtB of the Broadwater when the great galena ore 
bodies WM« being extnioted waa 40 to JSO ounces. Where the rich ail- 
Ter ores oocur. »s in the Florence, Benton, and Big Seven, the values 
ton up ver}' lii^'h — into tlie liiiiiilriMls of ounces. The so-called lii;:h- 
grade ore of the Broadwater mine carries from -10 to 00 ounces of silver 
per ton ; the low grade 20 tp 30 ounces of silver and only traces of gold. 
Gold ratio of Big Seven, o ounces silver: $1 gold. The ores shipped 
by the Gait in 1807 ran to 1 per cent of Ic:id. Those of the Broad- 
water averaged 1 io 6 per cent lead while the large ore bodies wore 
being sloped, bnt in 1807, owing to admixture of the altered oonntiy 
rock carrying films of silver sulphides, the amount of lead dropped 
to 2 to 3 per cent. In the early history of the district the ores from 
the upper part of the veins were exceedingly rich and values of $^00 
to #1,000 a ton were not aneommon. Tbe ores now being mined vary 
greatly in silver contents. The galena ores carry from a few ounces 
uj) to 100 ounces or more i)er ton. In tlic lca<l ores the smelter returns 
show that the shipments rarely average over 35 to 40 ounces of silver 
per too. Tbe parest galena is sometimes very poor in silver. The 
richer ores nlfio vnry greatly fn vnlites. mid no general figures can be 
given. The higli grade ores shipped from the Florence. Big Seven, and 
Benton mines gave returns varying from $3,000 to $1,000 a carload, 
which is approztmatsly #300 a ton. 

THB vsnrs. 

Occurrence. — The veins occur in a narrowly circumscribed area m\}&- 
sent to Nelhart) and tcaverae the gneiss and the varloits Igneons rocks 

which penetrate it. So far as known tliey are confiuod to tho ^rneisse.s 
and sohiiits of sappoeed Archean age, penetrating in a few instances 
tbe quartdto which overlies those rooks. The geology of the area has 
already been described, »o that here it will be suflicient to repeat only a 
brief summary of tlie leadinjr facts. The crystalline schists of the Xei- 
bart district are composeil ot gneisses and schists of varying color and 
tostue, in which varions igneous rooks have been intruded as trregnlar 
braQching stocks, as more regularly bounded intrusive bodies, and as 
dikes nnd sl)eet><. The gneiss is roughly divisible by its mineralogic 
composition into wUit« or gray gnei.ss, red gneiss, aud black gneiss or 
amphiholite. The red and gray gneisses vary oonaiderably in com po- 
sition andtoxtnre, and it is often difflonit to determine whether a particn> 
lar modification should be clas8e<l as one form or ;»notlier,as they occur 
intermingled. There is,however,a distinct banding. The intrusions are 
of several kinds and are all older than the veins. The Pinto dlorito is 
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the most comiuon and chamotarifltlo roek of the diatrld It penetrates 

tho gneiss without aj)p;H»Mit order or system and is itself somewhat 
gtiei.s8oid iu strnccurt'. I he later eruptive^ rbyoUt«- and graaite- 
porphyries. The rbyulitc porphyry ooeute In dikes and as bosses. Tim 
▼sins are independent of these ernptiona alsoh There are no oontaot 

deposits. 

Heavily beddetl quartzites, inclined at an angle of 20"^, dip southward 
from the borders of the distriet and fbnn the base of a gieat series of 

stratified rocks. A few veins have been foand in this qnartsite on tiie 
summit of Lonp. Neilmrt, and Baldy monntnins. 

The ores occur in normal fissure veins, wiiose character varies in the 
diflteent roeks traTened by the flssnres, bnt which 1111 well-defined fl^ 

sures in all rocks except the porphyry. In this the rock is shattered 
for a considerable width, niid this belt of fraetnrinfr might be classed 
as a '^crosh^' zone. The veins are primarily replacement deposits, with 
some filling of open flssares. 

FiHVut mnK. 

As ore veins are flanves filled with ore, a knowledge of the stroe- 
tnral relations of the fissures is of the atmost importance in mining, 
siiK the snooeas or fisilnre of the property as an investment depends 

upon it. 

Tbe vein flssnres form part of a well-marked system of ftnotores trav- 

ersing the nick complex. As described elsewhere, the gneisses are 
banded, the hand.-; dippiii;: to the south at angles of 40'^ to (55'^. As this 
banding corres^ionds to ditlcrenecs in the character of tbe rock, it deter- 
mines the nature of the ootcrop. These rucks show a well-defined sheet* 
ing by a system of fractures crossing them at nearly right angles to 
the banding. This sheeting ift nrtt uniform thmnRhont the district, as 
the fractures occur in groups or zone^ of sheeting. The Assurer are not 
open eraeks, bat mete fraetnre planes recognizable in Jointed snrflioes of 
the outcrops, especially in the more massive roeks. Underground they 
are most often nuirkcd by thin films of ocherous or clayey material or 
by a distinct bnt almost imperceptible fracture in slightly altered roclL. 
The fissmms ocoor at different intervals; that is, the spiwing between 
them is not ur.ifi»rni. Like those described in other mining districts, the 
sheeted xonea are separated by rock showing little or no fissuring. 

The vein thns has a sheeted structure, and consists of highly altered 
country rock inchiseil by walls that practically limit the intttise rook 
alteration. In some pliu cs such veins show areas where instead of 
sheeted country rock the vein matter is brecciated, the fragments being 
bdd In the finer breccia or cemented by (juarts and other minerals. Tbe 
width of the vein as thus di' lined varies greatly. It may be as great 
as that of the <ialt vein, which is GO fcot or more between walls. 
Practically, however, the vein as worked seldom exceeds S feet in 
width. This sheeting is recognisable even where the original rook is 
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entirely replaced, for the sheeting planet are oStm wuaked by comb 
qnartz or vag lines, filling tbe original small open fissure. The bung- 
ing wall of thp Inf^prsoll lode Is slieetetT, tlio fissure being 8 to 10 inches 
apart In the Itock Creek vein the hanging wall shows five such 
planes in 5 ftefe. In both caaee tbie bangfnir-wall rock is praotioally 
nnaltered. 

Cnvrs^. — Thti fissures have a penenil iiortlieasterly and soTitli west- 
erly coui j»c. Owiug to the didlculty of tracing them upon the surface, 
and tbe laok of an adequate base mapf no attempt was made to map 
their outcrops. The maps of underground workings, so courteously 
place<l at my <lisjK>8al, show a cour8<> varying from true noi IL to X. 1."^ E. 
The direction of individual veins is not constant, but the variation 
is not wide. The ftveraga trend is about tBP B. The vein flssnras 
with but few excu'pt ions dip west, tlio av('rag"p dip vnryinj,'- iM twocu 
CO'^ and thougli there is considerable vnriatiou in tiie amount in 
difl'erent mines, and even in the same vein. The most extensive work- 
ings are those of the Broadwater mine. The map of tbe nndergnmnd 
workincrs nf'this property (PI. LVIII) shows the variation in the dip 
and strike of the veins in the different levels, and this may be oonsid- 
arsd as lypieal fi>r the diatrietb 

Origin of fitture*. — Flie flssQNS show the common features of com- 
pression fractures. Their ncenrrenee in especial iilmndaiirp at this 
locality is possibly due to a line of wciikucss lirst developed here in early 
geologic time, when this plaee was asborellneof agradnally deei>ening 
sea, or the hinge line of :i strong flexure, which has at many times since 
been sultjoct to fracturing, as shown by the numerous igneous intru- 
sions. Tiie Ii83ure system to which the veins belong is, however, of 
later origin and probably ooineident with the late dynamic dfstntbanoes 
of the region. When the range uplift oooarred, tbe ore depositbii fol- 
lowwl a i>eriod of igneous activity. 

Relation to dike», — ^The fissures intersect dikes of rhyolite-jiorphyry 
in several mines. In the Gait workings the vein follows the general 
course of the dike which forms the immediate wall rock of tlic vein in 
some places, as shown in fig. 62, on page 427. In other workings the 
flssores cross tbe dikes at considerable angles. 

8pUi*,~'Tb^ flssores are approxbnately parallel^ as already stated, so 
that several veins are workable from one crosscut tniuH l. Thp vein 
fissures show, however, numerous splits," or smaller fractures running 
off in the country rook of either wall, and these bear a definite relation 
to the course of the vein, forming the second set of fractures oommon 
where the fissures are con«pre.s8iou faults. Tlie vein walls ar»> mm 
mouly quite well defined, and the orosscuttiug necessary in so many 
districts of sheeted rooks is not so essential here. (See noteon Broad- 
water mine, pw 433.) 

Effect of cmintry rock on vein fissures. — The character f>f the fissure 
varies with the nature of tbe inolosing rook. In the red and gray gneiss 
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it is a Mrell deflned) deaa-oat fracture; In fhe more tohjttoae rocks the 
veil) is \rider and less '^Imrply detiiiod. In passing from gneiss into the 
Pinto diorite there in a pruuuuiioed Darrowiug of the flaaure, the veins 
fliat are 6 to8 flMt vide ia the gnelas oontracting to 3 or 4 ftet in fhe 
diorite, nau^ly with ftloM «f ore. 

In the rhyolite-pori)hyry mas?»e9 of Snow Creek the vein splits up 
into a network of fractures, shattering the rock, so that a definite vein 
ie not always reooiniiKable. This ia believed to l>e dne to the brittle 
character of the l oi-k, which is weakened perhaps by the strains devel- 
oped in it in cooling from a state of fusion at the time of its intrusion. 
In ordinary weathering this rock breaks up into anguhu- fragmouta 
wUeb aeldoni exeeed 2 or 3 inobea aorosa. 

Where thft vein encounters black "rtipissoraraphibolit^? it is commonly 
spoken of as faulted. In the instances observ^l no true faulting was 
reoognized, bat the vein was deflected as shown in fig. 60, preserving 
Its normal coarse beyond. In this ease the tongh nature of the rook 
resists sharp fracture nml l)0cf>me8 a curving break, narrower than in the 
feldspar gneiss and with less regular boundary planes. Observations 
were not saiBoieiit to determine whetiier the vein was or was not sligh t )y 
thrown by this band. Tlie former sni>erintendent of the Monlton, Mr. 
Frank Raymond, assured me tliat the vein of that mine, tofjpther with 
those a^acent to it, was cut through by a fault traceable southward 
to the Broadwater workings, and liis observations npon the barrenness 
of the ores in the black gneiss, given in the aooonnt of the oconrrenoe of 
the ore bodies, are pertinent in this plaoe^ 

VHir mOCTCBK. 

Vein motier is the material which lies between the walls and forma 
the vein. It tliereforo includes various materials, the included frag- 
ments or horses of altered country rock, as well as the quartz and other 
ore and gangae minerals brought into the vein from the outside. 

Vein filling consists of the material brought into and filling the open 
spaces of the fissure. It eonsisfs of ore atul ^angue minerals, thone 
found at Neihart. having already been noted. Tiie dilTereuce between 
trae vein iHling and the altered oountry rook Is an important one to , 
bear in miml. since it is the former alone that constitutes the ore. In 
the Neihart veins the bulk of tlie vein material is frequently the altered 
country rock or the clays resulting from it. This altered country rock 
ia often too mueh decayed to determine its original eomposittcm, hnt 

where nnclrnl mas<ies are fonntl t!ie rock is '<ocn to be the same as the 
vein walls. The intense alteration results in the formation of a material 
couiposed of white mica, carbonates, pyrite, etc This material varies 
slightly in api>earance according to the roek from which it has been 
derived, but is all essentially siniihn in composition. All t races of the 
original minerals Imve disappeai'eil, and the only mineral recognizable 
to the naked eye pyritein small, well<deveIoped crystals. Where the 
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altered rook oonteins sHver, the ralaes we in secondaiy quarts and ore 

veiiilets. The altered rock never oolistitQtes workable Ore aalew Siudi 
iiltns of niinerHl are present. 

Meta^ouitic replacemeatof the rocks has been, however, a very cum- 
mon phenomenenf and in tiie dolomitie gaogne the altered rock in eeen 

in variouB stages of r<; placement. The chalcedonic quartz resulting 
from so-oaUed ailici&catiou of the country rock of the vein has also been 
noted. 

Baindi»g^Tb» NeOuurt veins show a prevaffinf banded stmetate. 

Very often this is plainly seeti to be merely sheeted rrx-k with tlie p;ir- 
allel oraokH occupied by vein tUliug. More generally the veiu near the 
productive ore bodies is more or Jess distinctly banded, but the appear- 
ance is dae to a streaking of tiie ore minerals in the gatiprtie. In the 
nenrly solid galena there is often n deeifled baiidinp^ or f?ti'ipiiijr due to . 
nlternatioQAof finer and coarser grained galena, in the oaual ore com- 
poHiug the '^shoots" there is a marked banding^ due to alternate layers 
of galena and blende. The banding is also due to lines of spar, \\ hicli 
are not persistent, and in the eentor of which there is often a line of 
cavities or vugs. Moreover, the spar itself is comtuouly spotted w ith 
grains of galena, blimdei and pyrite, whieb show a general banded 
arrangement. Sach banding is in fact a common and almost constant 
featnre of the nre bodies, even the ore itself Wing banded when seen 
in cross section in the ore slioots. As a result of later fracturing, the 
ore shows lines of vugs or open flssnres, but soeh plaoes are mote ofkea 
partially filled, only the broader part« remaining open. It is about 
snch cavities that true crustiflcation is observed. Commonly the vein 
does not show a filling of successive crasts of mineraL Barely the 
vein mattw is a breeoia of ooantry>roek fragmMita oemented by AUing, 
a structure that r1o»'s not prevail througliont any one of the veins so 
far observed, but occurs in parts of several veins. The minerals about 
tbeseftagnaktaofooiintry rook are arraii^aMl in oonoentrio bands exhib- 
itingtme erostiliciition, and open cavities Ix'tween adjacent fragments 
are otiten seen. The stringers often show little vein.s of solid <|uarfz, 
and such veiiiiets also occur in the altered country rock of the veiu 
matter. This quartz generally exhibits a radial or comb stmotue. 

Ribbon Htructurr. — Seeondury bandings due to a sheeting of thoTeill 
filling, a.H defined hy Lindgren,' whs rarely observed, but the ores 
exhibit a very plain secondary fracturing. The fractures cr<»s the 
▼dn at'a considerable aogle, though they do not fhnlt or very greatiy 
disturb it, but merely crack it and leave minnte crevices in part filled 
by later minerals. Where such fissuring of the ore is in parallel planes 
a banded structure is produced by reopening. These openings are 
nsnally smaU, are a common featnre of the ore, and ailbrd the oppor* 
tunity for processes of secondary concentration of the silver sulphides. 

*G<>l<l.<|u«rt t veinK uf Califoruia : 80f«BtMB|ll Aaa. Bapt. n.8.0«oL Snrr^y, Pkrtll, i^lXb 
20 OKOhy PT 3 
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ROCK AI.TEnATIOW. 

Thp rock walls of the vein often sliow more or loss sheeting and 
more or less cbeiuiual ulteratiou. The aiuoaut «>f thin chemical altem- 
tion ifl, however, quite variable along dlffiarettt veins, the sone of 
pi-onounced Ghange varying firom an inch or less to several feet in 
width. Tt is most i)rononTiced in th»* roek material fotiiid within the 
vein wails aiul cousUtuting the Imlk uf the vein mutter. All ntagesof 
allberatioD are finind in the ▼etn walla, from the aUghtly altered roek to 
the light-gray or yellowish, sutT, j^reasy, or clay liko material of the vein 
matter. All the rooks are subject to this alteration, even the Neihart 
quartzite. In the Tinto diorite it is less marked than in the gneiwies, 
and apparently took plaee more alowly. The final product of altera- 
tirni is very similar whatever the original nature of the rock, but in 
the ii's.s altered materials the lormer oharauter is very ofteu clearly 
n-coguizable. « 

The changes in the rocks are those common to the qnartz veins of 
California," being those due to the formation of curbonates, sulphides, 
and sericite. The changes are clearly those produced by metasoiuatio 
Mplaoement. In atndsring the veins it is easy to distingaish between 
the quart/ lllling or "veins" de])osited in open spaces and the altered 
country rock. The distinction is, however, of little use in most of the 
mines, since the ore oitcurs with carbonates. Although the varying 
composition of the Keiliart roeka ptodnces many local peoiiliariti<*a, yet 
the general proocM of metasomatlc alteration ia that desoibed by 
Lindgren. 

The replacement of the altered rock by carbonates is recognizable 
nnder the microocope in dides cat from some of the vein rocks, and it 

is thought that the ban (led struetiire of the veins may be largely due to 
the replacement of the layers of she-ete-d rock by carbonates and ore. 
Tests have not been made to determine whether the pyrite of the 
altered rock caniea gold or silver, bnt the general absence of other 
Snlphide;^— ext*ept as fracture fillings — shows that the ores were intro> 
duced from outside when the carbonates were deposited. 

DIHTRllirTlON OF ORK IX VEIN". 

Pay xhf)»fs. — Tn f:ener«l it may be ssud that the ore streaks are very 
constant, but the values '* bunchy The ore minerals occar in nearly 
all parts of the vein, bnt are ftmnd concentrated in workable ore*bodies 
in only a relatively smaller part of the vein, such masses forming the 
pay shoots. Thronghout the more barren parts of the vein the sul- 
phidi^ occur in streaks m the gangue minerals. (Generally the ore 
bodies are composed essentially of galena with associated minerals. 
They occur in long, narrow, lenticular brwlies, which us they u edge out 
pass into streaks^ or th^y may end abruptly and another lem$ occur 
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alongside in the vein, the end overlappiug; but this, of course, varies 
in the diiBarant Teins of the region. 

The occurreiK-o of the ore bodies thus far doveloptnl in the Broad- 
water luiue 18 shown on PI. LX. The shoots have a general tendency 
to pitch northward. Mr. Raymond, the former saperintendent of the 
IfonltoD mine, who made a careful study of the relationship of the 
productive nrf bo<lies to the wall rock, fnund th;it, :\ rule, the veins 
are productive where they traverse the feldspathic gneisses antl are bar- 
len in the atnphibolites and daik-gray gneisses. The Moulton work- 
ings, which tap three veins, show this relationship yeiy plainlj, and 
8o far as 1 was able to extend my observations it is true for the camp, 
bat the number of productive miiies appears to me to be too small to 
afford data fat a positive statooMnt. The aooompanying diagram (fig. 
50) is intended as a ])lan of the area near the Moulton mine, on which 
the saocesaive bauds of gneiss are indicated, and the veins are sliowii 




9m. ■i.-J)h«mi «• ilww witetlvi pcritiM «r 4k« Xtitart ntn tb« rdatlM of an to 

■■tore of coQDtiy rork. Th» t«Im an^ ftr Mav«Di«nce, iiipmiMtoA aiiDply an stnight Ihrn. 



in the order in which they occur, thon^jh for convenience their relative 
distances apart have not beeu preserved, the diagram not being 
drawn to seale. 

Carefo] observations made in all the accessible workiugs show that 
thns far no workable ore bodies have been uncovered in the Pinto 
diorite. This is also true of the dense and very tough amphibolites, of 
rdattvely rare oeeorrenoe, which deflect tiie veins. As already noted 
in describing the vein fissures, these rocks narrow the vein, and the 
vein matter itself docs not i)re.sent the favorable physical conditions 
lor ore deposition found lu the other roeks. 

Bhyolite-porphyry in dikes does not appear to show any association 
with the occurrence of pay ore. In the lar{rer bodies the deposits so 
far worked proved very rich near the surface, but gave out in depth. 
The reason for this is discussed elsewhere. It is believed to be due to 
ttesineadinf oaty or, as it were, thedifltasioni of thelissaiein tiiiseasi^ 
shattered nok^ so that the ores ooeor in nmnetoos yeinlets and films 
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scattered tlirougii u considerable exteut oi mek, ruther than iu com- 
pact, mU-deflned ore bodies. The SMiie shattered oonditimi Is, how- 
ever, favorable to the penetration of later circulated waters ami rosulta 
in great mirface euricbmeut, m tbat such prnpertieH show larf^e amounts 
of sach ores, as observed at the IXL^ Eureka, and on Mackey Creek. 

Zn^umee of split«.—&MagetB or splits generally eutieh and oftea 
enlnrjte the ore bodies of main vein, and near the vein tlio ores of 
suck splits are themselvei^ generally richer tbau those of the ore bodies 
of the mats vein. 

Ptrmtmence in drjUh. ^Tl»» study of the region indicates that the As- 
suren are deep. Tliert- is no reason to doubt that ore shoots orrnr iu 
them at far greater depths tiian any yet attained. The rich silver sul- 
phide ores peenUarly oharaoterize the upper parts of some of the ▼eins, 
and it is open to question whether such very rich ores will be found at 
greater dP]Uiis. 'Diat they are of secondary or later origin iu most 
cases iu this district is beyond doubt, but these minerals are of primary 
oarigiD in the OalUbmia Tsina,' and may also be ibnnd so here. 

cROflflcvrniia. 

But few of the veins have as yet proved proilnctive, though an uu> 
usual amouut of proapeotiiiir has been done in the district, OrosS' 
cutting of the walls may be of value here ;iinl one should always bO 
certain that the wall is not a Kheetin^' plane lu the vein matter. 

BUOUESTIDNS I UK l>KVE[A)P]4ENT. 

A o^vreful regard to the nature of the country rock, n close observ- 
ance of splits or branches of the veins, and, above ail, uu exploration of 
the vein above those lavels in wblelt it is seemingly barren, are reoom- 
mended. Past exiiorience in the workinj; of the veins shows that ore 
bodies have been overlooked because the shoots wedged out downward 
and did not show In the levels. The soft, altered rock of the vein is 
sometimes richer than the galena ore shoots, owing to minute films of 
ore» so that this rode should be eareftdly watehed and assayed. 

OKB Dspoanoit. 

The observed facts of occurrence are believed to jM-ove that tlic ores 
were deposited by ascending mineraliziug waters, mainly in oi>en 
eavities. Alteration of the country rook with uetasomatic replace- 
ment took place at first along minute firactures in the rook and 
alonp cleavages in tlio minerals of the rock, the process beinproneof 
molecular Sttl>stitatiou. The sheeted country rock itetween the vein 
walls was thus altered or partially replaced, as is well shown in specie 
mens from the Florence mine. The metallic sulphides, if brought into 
the vein in suljihide waters, mipht i)eiLai)s be deposited by reaction 
l>etwecu feldi^par and sulphides,' which may account tor the occurrence 

■ Ond ooamniiiioaUMi »t W. Uadgran. 

•Sm> Rlamp, OM]l«tMlto «r the United SMm, ll«iw York. 1*M, pi. M. 
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of (be ore luainly in the lelilspathic rocks. Tbe original source of tbe 
metals la not Inown, bnt the preaenoe of large intrnsiTe bodies of 

ingeous rock (and the indications point to the existence of a K<^neral 
Btork of surli rvH'ks miilerlying the district) affords a possible aoiiice (»f 
tbe metals at no very great depth as well as at iio great distance later- 
ally. The paaeity of ore In the yeina in tbe Pinto diorite itself tndi> 
cates that the ore is not derived itrom this rock by lateral secretion. 

It is Tx'lierpd titat the primary voin iillinpr is due to heated ascending 
waters, but no direct evidtmce showing that the waters were hot is at 
hand. 

SrPKRFlCIAL AI.T«RAT10M OF VBIKS. 

Supcrflcinl alteration f»f the vein mincrnl by circ-ul;iting oxidizing 
waters has produced small amounts of oxidized or carbonate ores, and 
tlieae ores are fonnd mainly along what appear to be even now the pipes 
or cliannels of descent for surfiloe waters. Surface waters altered in 
character and robbed of their oxygen in their descent by the changes 
they induce iu the metallic sulphides of the upper parts of the veiua 
aie believed to be the agents pmdneing 13m rieb sulphide ores fi>nning 
secondary enrichments. 

The outcrops of thR veins do not show thf fjrfat gossans or "iron 
caps'' found at some local i lies. Surface alteration breaks up the vein 
matter in plaoes and tbe qnarta is msly with iron oxide. The dislnte* 
gvation is. however, snob as to make the oiiterop rather inconspirnoiis 
on the difbris-covered slopes, A view of a surface cut exposing the 
outcrop and upper part of the Empire vein is shown iu PL LV, A» 
The planking seen on the right is an air box connecting witb the 
nndergronn<1 workings. The vein, across wlii 'ti a hammer is seen, has 
sharply dehued walls, and the contrast between the massive, unaltered 
gneiss on either aide and tbe shattered qnartz of tbe vein is very well 
shown. 

FKCONDAUY KMtlCIIMUNr Of V«IN«. 

Secondary enrichment has played an unusually imjHirtant part in 
the development of the ore deixraits of ^eihart. The ores extracted 
in the earlier workings and those fonnd to day where new vans are 
opened all show silver sulphides deposited hy secondary enrirliraent 
as crusts or crystals lining cavities, or as lilms or thin coatings aloug 
fractniea of tbe primary ore, or in tbe oxidised n>ne as the so-called 
''sooty snlpbide^ ores that occur with inanganese oxides, it is from 
thi« '/one of enrichment that the liigh-gra<le ores, running from 200 to 
i,tKM) ounces of silver to the ton, or eveu higher, were obtained iu the 
early bistoiy of tiie oamp. Althoogb each ores played oat in depth 
and caused many disappointments and failuresy thehr oecnrrenee played 
a most beneficial part in causing the development of the veins. 

While the secondary enrichment of copper veins along a level 
between an upper sone of oxidatton and fbe tinaltaced vein material 
below is a weU'reoognised fiusty a simihw enriohment of silver veins 
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ai)pear.s to have escaped geueral recoguition. The secondary luiuerals 
recognized are ohiefly polybaslte «id raby silver, the former betof 
UMire abttndant. Theire are nlno bright inetullic coatings, presumably 
argentite, ou crystals and iilonix fracttirf iiIant H, aiul rarely in miinUcly 
crystalline masses. The chemical changes by which the primary sul- 
plbides split up and yield tbese minerals have not been investigated. 
Tho change is presnmably the i-esult of Huperflcial alteration in which 
the primary vein minernl.H are brok<»n up (chemically) and their silvpr 
couteuts are partially leachetl oat and carried downward and deposited 
in tbe apper parts of the solphide ions. Briefly stated, the proeess is 
believed to be a partial leaching out of the silver contents from the out- 
crop of the vein by surface waters atul the precipitation of the silver at 
somewhat lower levels. Tiie 8uj>urliciul allerutiou of the Ncihart veins 
is not a marked one^ as there are no great sonss of oarbonates and oxi* 

di/.<'(l or*.'. Stifli ores oeciir only in limited aiiioinits. lieiti;; most aliiiii- 
dant in the Broadwater vein, where the partially oxidizeil ores extend 
down 170 feet below the outcrop, aud in pipes and along drainage fis- 
sures reach even greater depths, (leoerally, however, there is another 
zone of alteration below the level of tlieae alteredor highly altered ores — 
the zone of eurichmeiit. These secondary enrichments are believed to 
be due to the alteration of argentiflBirons galena into the nsnal oarbon* 
aiesand sulphates, in which the silver and to some extent the other 
metals are taken into solntion during the reactions prodneed by this 
alteration, the surface waters, changed in character by tho formation 
of the lead earbonates, carrying the silver down and depositing it in 
crevices, open spaces, and minote ftaotures of therein filling, especially 
of the metalliferous ]>ortions. The ore also occurs in the cracks of the 
shattered country rock, forming ttio vein mattep where it is associated 
irith seocmdary quarts. Very commonly the polybssite oocors in orys* 
talline mast^es showing no definite crystitl outlines. In the open 8pac<^- 
and vugs of the vein, crystallised s|>ecimen8 have been found associated 
with barite. It appears that tliis mineral is in process of formation at 
the Florence mine, 200 ftet below the creek level, which is about tho 
water line. It is possible, of course, that it may be due to the meeting 
of *;tn'faco and of deep-seated waters. Tho /.ones of imiMvcrishment, 
of enrichment, aud of unaltered primary sulphides i-ecognized in the 
case of copper veins are clearly present here, though the uppermost 
is of limited extent: and the zone>i are not so sharply or definitely seji- 
arated from one another as they are in copper deposits, owing to the 
later flssnring of the vein filling allowing the secondary enrichment to 
be mixed with the onaltered sulphides. Polybasite is said by Dana to 
alter to stephanite and pyrite. In the Neihart ores this niiiieral seems 
to show an alteration to pyrargyrite aud pyhte, and the former, in toroi 
changes to native silver in the upper zonei 
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BITMNABV. 

Tin* Neibart 01* deposits occiur in metnTnnqiliif frncissos nf supposed 
igueou8 origin aud Arcb^u age, and exteud upward iuto tlie basal beds 
of th« B«]t «erie« of Algonkisu age. Tbey are Sheeted flevnnw tbat 
eat both Aneieiit and later igneona rocks and are believed to be of post* 

CretsM'eous aj^e. 

The veins contain hilvei-iead ores; more rarely rich silver Hulphides, 
and a vafaie in gold of $1 to 6 oonves of silver. The coninon oree 
eonsiet of galena, blende, and pyiite, iu a gangne consisting of limOi 

mapfiipsin. iron, and nmnganese carboiiatos. The t it li silver ores con- 
sist ot polybatiite with a leaser amount ot pyrai^ynie and uative silver 
In the oxidation sone; ehsloopyrtte also oeoiunt. Barite is a eoramon 
gaugue mineral, but 04;curM in much Kmaller quantity than the carbonate 
"spar." The primary ore minprals are those mentioned above, except- 
ing i>eriiaps pyrargyrite. Poiybaaite more commonly ocGurs, bowever, 
as a seeondarjr mineral. 

Tilt.' silver lead ores vary frotn .*20 to ^'iO jxm ton ; the richer ores, from 
$100 to H^'JAht or more per ton. The most valuable carload shipped by 
the Benton mine returned $30,000. 

The flsBotes alt belong to a single systenit mnnlng about north and 
south rfiat,'tietic, aTid dipping fiO^ to HO^ W. The vein flssnres nre part 
of a general tlssore system. The width of the fissure varies in the <lif- 
ferent roeks. It is widest in tilie softer fichistose rocks, narrow but 
ahar|t ent in the massive diorite, irregular and nari-ow in tough and 
knotty ampliiholite, and becomes lost in a moltitnde of little flssazes in 
rhyolite porphyry . 

The vdns are in part replaeement sones of closely sheeted rock and 
in part Ailing of narrow open ibsnres. The rock between the flssores 
i>i intensely altered and deeotnposed, and the vein walls practically 
limit this alteration. The ores occur iu more or iess [lersisteut streaks 
of spar, and rarely of qnarte, in this altered rock or vein matter. Tb» 
payable ore bodies occur iu shooi.s. Hecoudiury filling ef open spaces 
by quartz bas occurred in some of the veins, osoally aooompanied' by 
rich silver sulphide ores. 

Ore depodtion was by aseending carbonated waters, prodndng 
metasomatic replacement along fissure lines. The veins have suffered 
later fracturiufr -Tnd secondary enriclnncnt of the zone :it or- holow the 
water level. There is now but a small amount of superticiaily altered 
or ozidiMd ore. 

KOTES ON MINES OF THE DISTRICT. 

.VRIIIAUi l>lf*TRJCT l-KOPEK. 

Quem. — ^This was the first vein discovered in the district. It was 
opened by a tannel driven a short distance on the vein, which showed 
sooh fisvorable eemditions that the Queen daim, together with its azten- 
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ilons, tbe Ho'ii'-^rtiliO :>ri<l f)'l!rii ii, wus Uoiided ft)i- f-t-V***^ »» 
Farther develui»uietit work exposing less ore tbau was expected, the 
property wM abandoned to the Tehdors the following year. Later 
development work by the owners reKulteil in the disuoTery of ore bodies 
ft-oiii whicli l.iv'^i- slii]iiii( iits liavc ham nisidc. The present ilovelop- 
lueut (1897) consists of a three compartmcut sliaft 300 feet deep, with 
100-foot and 300-foot level*, and a tnntieS driven 1,010 feet along the 
vein and extended several hundred feet foither by the owners of the 
Gait, who now work tlu'ir Mmpci ly tlirongh this adit. Tlie pn»i)erty 
iii well equip|>ed with m;u:biuery and buildings. A general view is 
given in PI. LVII, B, showing the ehalt honae, oro bins, and waste dninpw 
The Qneen vein varies from 1 foot to 5 feet in width. The underground 
Sttrvey.<» show that the vein has an easterly dip, which is contrary to the 
prevailing dip of the other veins. The old shaft, HHO feet north oi the 
entrance of the main tunnel, shows the vein to be Tertical between this 
tunnel and the level 10<> feet below, bnt U) dip iMSffrly at ^^0" Im Iow 
this. The levels driven from the new shatt show a less steep inclina- 
tion, the angle being 80^^' above the lOO-foot level and 75^ below it. 
The psy ore of the early workings is said to have ooenned in iddney* 
shujied masses scaftorod t!irnn};h the vein fiHinj^^s. and not in rcpi'lar 
ore shoote. As the utine was shut down and the shaft flooded at the 
time of the writer^s visit, no personal observations were possible. The 
map ct the workings shows that the vein at the shaft honse has a 
general oour<«> of X. 20'= to 30^ E. The long tunnel which connect* witli 
the Gait workings has a course of about 40° E. There is reason to 
bslisvs that it is mn on a i^rlnger or skms Tsin, for tim <y^ett and 
Qnsen veins sppsar to be either the same or two closely a4jaoent parallel 
veins. 

(/Brien. — This vein ha** been worked l)y a tunnel, which wa6 over 
feet tong in 1806, and by a 3S^foot crosscut ftmn the main Queen 
tunnsl to the vein. This snrfoee tunnel and the drift from the cross- 
out show the vf>iii to liave a course of N. 10° £f. and to dip west at the 
steep inclination usual in the district. 

illoimtoja OM^.-~ThiB vein, on which the mines of that name are 
located, crosses the moant&in .spur lying between Belt and CariMrater 
cn-eks. from the London over the slopes to the Ei<rliry pipfht mino. The 
Mountain Chief mine was one of the hrst proi>ertie8 of the district t^i be 
developed. It was purchased in 1884 by the Hudson MiningGompany 
for *ll8,(KM), and extensive dovolooinent work at once a concentra- 

tor and smelter being erected to treat the product of the mine. The 
ores first e.xtracted were very high grade, it being reliably reijorted 
that over $10,000 wortli of ore was extracted in sinking theflttt SOfeet 
on the sontlicni shaft. This rich ore did itof ronf inne in depth, and aa 
the low-grade ore did not CAtncentrate well and a large amount of money 
was expended in driving the Kighty-eight tunnel without auy returns 
work was stopped «^Km the ezlianstiimof the slopea of the upper tunnels 
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in IbOO and has uot beeu resumed siuoe. It i» evident ftom an exami- 
nation of the worklsgs that tha lower or E{ghfy-eigbt tmmel, thongli 

1,700 feet long, is still sevenil Imndrod feet from the vein, and that its 
course to the lead is not a direct one. The vein has a course of nearly 
true north and south, as shown in the upiier workings, curving slightly 
toward the wBUb in Its aontiMfn extansloii. If, as fa supposed, It is fbe 
same as the Tx)ndon vein, this ('hanp:P of oonr' f rfnitintics utiHI, at the 
Loudon worlungSi above Belt Creek, the course is nearly northeasL 
The dip is to tfae west, varying from fi20 to HE^* 

The property was visited in ISOA^when the two upper tunnels were 
examined. The lower of tho two tunnels is 950 feet above rarp(>iitor 
Creek and is about 1,000 feet long. The vein traverses the Pinto diorito 
for the first seTeral hundred ibet, and in this tocIc is bnt a Ibot or so 
wide, the filling being a rusty oxidized material, showing no values at 
first, btit carrying a streak of ore fartlici- in. About C>(W feet from the 
mouth of the tnunel the country rock changes and the voiji widens to 
7 feet across and oanriea an ore body stoped ont to the sorftoe. Two 
short crosscuts driven into the walls show the (liorit« to be quite Solid, 
no sheeting being seen on titlier side of the vein. In the upper tun- 
nel, which is about 700 feet long, the vein traverses "gashes" or included 
masses of the fsldspar-gndss in the diorite> and in part the ▼efn 
api>eared to have a Pinto diorite hanging wall, with gneiss on the 
foot, so that the gneiss seen on the hanging wall may be iirojeeting 
tongues or wedges cut by the veins. A porphyry dike is cut at al)out 
Sno fbet from the entraaee. The vein, wliieh ia 80 to 40 inehes wide, 
shows tlie ore slioot eut in the lower tunnel, which has been worked out. 
A crosscut from the upiier tunnel into the east or foot waJl of the Mouu- 
toin Chief vein cuts a second vein 33 feet from it and another vein 10 
ftet beyond. The first ytta eat is 3 Ibet aeroas, bat is barren of ore 
material: the seooDd isoi^yS Mwids^bnt shows a streak of good> 
looking ore. 

ITbrsMM^Thia has been one of the most successful mines of the 
eamp, having been a steady prodnoer sinoe 1883, aod thna ihr has 

shown pay ore in every part of the rein worked. The ore eonsists of 
a mixture of galena, i»yrite, and blende, together with chalcopyrito, 
polybasite, and pyrargyrite* The rein nms northeast and is nearly 
vertical. Its width varies from 4 to 6 fiset, and the fissure is always 
well defined. It traverses a gray feldspar- gneiss, generally much altered 
along the walls, and giving place to a black amphibolite for a short 
distance.. TbB fisaore Tariea in width in the difihrent roelts, and In the 
amphibolite is deflected slightly, and narrowed, as shown in fig. OD, bnt 
oontiiines its normal direction and width beyond this rock. The vein 
sliows oi^csisional »iAits or stringers, and where these run ofiT they 
usnaUy eany ibr short distanesa an ore richer than that of the main 
vein. The ore shows a well-marked banding, but it is more commonly 
a streaking parallel to the flasare walls, formed by a stringing oat of 
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tbe minerals in the gangue, rather than a definite crnstifloation or 
banding doe to ttUerastiog layers of diflerent minerals. 

Tlic vt'iti iiKittt>r consists of U'hoIkmI and \vliiteiie<l gneiss, tlie ridipst 
ores being found where this alteration is most intense. This vein matter 
oAen has a fine sheeting or baading. The pay streak yariea in widtli 
and in its position in the vein. In some places it fills tbe entire width of 
tlu' vein. (11 tTerinjf in til is respect from any other vein worked in thedistrict. 
Tbe ore carries barite vei y commonly. The face showed in Augustf 
1897, a 3>lbot ore body averaging flO oiraoea of aavar to the ton. A 
section of the vein seen in the face of tbe upper toSDel ou August 
14, 18'.»7, is shown in tip. At this ]toint u spur comes in from the 
west and enlarges the ore streak, to 'J feet, Tbe tigure illostrates the 
baaded stmotare of th« Toin due to the itringing out of fbe grains at 
ore minerals in the light-oolored gangue. A line of vugs marks the 
center. The face flpure<l in the diajrram, tip. CI, shows an ore body 
decidedly above tbe average lur tbe vein, both lu width and in 
qnalUgr. The ore is pertly breooiated, has vugs, and oonsisto of white 
qiarwtth some quartz, topcthcr with rich silver sulphides aiul ;;alt:n;i. 

7hei>roperty is developed by two adit levels and a two-compartnit iit 
■haft, 135 feet liom tbe entrance of the lower level. This shait is 3bu 
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feet deep, tbe bottom level being 2H() feet below Belt (.'reek. lu 1897 
the lower tunnel was 465 fieet long. IM. LXIV% ij, shows tbe ore and 
hoist houses and fbe entnuiee to tiietoniMla. The view ahoillnstratea 
the chara<"teristi(' weatlierinp of the pneisses near by. Tlic sliijjments 
for 1807 averaged 5 carloads per month. Tbe claim has four well* 
delhied veins in a widA of 800 feet, only two of wbleii have as yet 
been oi>ened mi the surface. 

The Florence ore, as ship|»e(l, will not averape 10 percent lead, but 
the higher the silver the higher the lead contents. The ])iM>rerores 
are earefully sorted before shipment. Very little stoi)in^^ has been 
done on the upper part of the vein. 

CnnrentraM and Monarch. — These properties now helonp to the 
Florence Company. The former owners ran a 1,50U loot tunnel at a 
sligfat aii|^ toward the Florenee on a yein averaging 3^ feet wide. A 
crosseat at tbe end oats a new lead, bat no ore has been shipped tnm 
either vein. 
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Gutt^Thia vein baa been one of tim large ore prodnoen of tlie di«> 
trict tAmot 1893. The Gait claim showe, it is said, four pwalM Teine, 

tlic Oalt vein boiug the only one cieveloi>ed. It is now oommonly 
regarded as the same as the Queen vein, though formerly the Equator, 
Gait, and Nevada claims were supposed to be on the same ledge. The 
▼oln has a course N. 20"' to ■"{<)' E.. and where the main ore body 
oc^'urs is v<>rtica1, the (li|> being eastward to the north of the shaft 
and westward to the south 
of it. A light^lored fold, 
spathic gneiss is the comiDon 
wall roek, bnt in ])!»rt ihe 
vein follows a dike ul rhyo- 
lite-porplijnrjr, the flssnre 
flitting the dike and not 
bciiij; a ti ne contact. Pinto 
diorite is neeu lu only one 
place in the worfcings, and 
black gneiss (amphibolitt'?) 
only in the fault at face of 
the level. The vein is 10 to 
ao ftet in width, but the vein natter is wider, and in the only plaees when 
the wall is cut throu^'li f>() feet ofaltiTcd j^neiss is onconntrred between 
the ore body and the unaltered country rock on the hanging-wall sidSi 
Orosscuta from the working level ISO feet above the Queen tonnel, and 
ttom tte winxe lAO feet below the Gait tnnnel ( ISO feet above tlie other 
crosscnt^ show 40 to .'»(> feet of vein matter. It is certain, therefore, that 
the vein is a wide one. The rhyolite-porphyry is a hard rock, showing 
quartz grainn in a dense, feMtic gnmndmaes, and quite like the Kei- 
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hart i>orphyry deacribe<l elsewhere (pp. 375-376). The dike is 4 to 't feet 
wide, and its relation to the vein is represented in the accompanying 
diagram (flg. 62), which shows its occurrence in the end of the Queeu 
tnnnel. The vein onts tiie porphyry fer a dlstanoe of 300 itet or more^ 

and is seen forming one or the other of the vein walls, thonjih not on both 
sides of the vein at one pliK-e; it al^o often forms horties in the vein. 
The same relation of vein and dike is seen in the Oalt tunnel, 450 feet 
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vertically above the Que«u tunnel. Amphibolito or black gneiss waa 
seen only at the Aztreme end of the towest tannelf where It fluiltB or 

deHerts the vein as it commonly does other veins of the flistrict, lint 
there is apparently also a true fault ot slip cutting the vein at the face 
of the tonnel, as the ore and vein material are crnshed and tjirown to 
the northwest. 

The ore is j^lena with the rnnal accompaniments of 'tN'Tidi' md 
pyrite, and occurs ia a aboot that has been developed some 0U(> fmt m 
vertioiil extent. The pay streftfc varies tarn 1 ftot to 4 or even S feet 
in width throughout the workings. In the Stopes visited the vein 
sliiuvt'i] 1* to "24 inches of ore. separated hy a seam of clayey ninttor from 
a porphyry toot wall. The ore has a gangueof spar. Id the workings 
visited the ore showed • more or less distineC banding. The vein mat- 
ter is largely an altered countiy TOtkf which is sometimes sheeted or 
shattered. :uid these minute fisstires are filled with rich ore. ThevHn 
shows a clayey or talc parting, sometimes on both sides of the vein, but 
more oommoidy only on one wall. It is enrrently reported that the 
vein is richest whore the gouge is most abundant. The vein has been 
developed by three tunnels. The middle nr main (rait tunnel runs for 
1,015 feet oQ the vein. A laO-foot shaft wm sunk from this tunnel at 
450 fMt ANmi tiie entrance. PI. LIX diows the engine honse and ore 
bins at the mouth of tJiis (nimel :is tlicy iippcarcd in ISO."). U])Oii the 
extension of the Queen tunnel to the side line of the Gait claim, arrange* 
meuts were made by which the Gait vein could be worked from this 
tunnel, 490 feet below the level of the Gait tnanet, the level being 
extended beneath the iirliiT workinpcs. Tn lSf>7 two levels, at 75 and 
l&Oieet above theQue«u tunnel, opened op stoping ground, but the ore 
body had wedged oat and Hkeore in sight was too low grade to warrant 
shipping. The mine was therefore shut down until early in 1800, when 
new development work disclosed good shipping ore. 

MouUon, — This mine, owne<l by the Diamond K. Mining Company, 
was prior to 1803 the largest prodnoer of the district, and it is credited 
with a prodnotion of 4:>(i.(mh) ounces of silver. The ore is galena, to- 
gether with pyrite and blend in a barit*- and qnartz gangtie. The vein 
runs nearly north and south, and cuts bands of vari colored gneiss. 
The vein dips 80^ to 00^ W., while the gneiss bands mn east and west 
and dip 70° S. The vein matter consists larj^ely of crushed and decom- 
posed country r«>( k, wiiich is usually soft. Xo definite Hh<'t>tH)L': of this 
altered rock was observed, though it is commonly cracked and the 
joints are filled by ore. The vein Is 8 to 7 feet wide, with walls of hard, 
unaltered rock. The pay streak is from a few inches to .several feet in 
width, varyinpr witli the inrlosin^r walls. Zine blende oecnrs abtindntitly 
with the galena, and is looked upon favorably, for, contrary t4> the rule, 
it is here a sign of good piling ore, as the galena with blende carries 
more silver than the fralena ah)ne. 

The workings show very striking examples of the influence of the 
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country rock upon the veiu, and the i^eneralizatiou made by tbe foruer 
saperiiit«nd«ii(i, Mr. Fraok Bayniond, that tbe prodnetive ore bodies 
occur only in the Viands of feldHpathic gucias appears to be borne <mfe 
by tbe workings <>i oiIkt mirips. A fault is reported to run from the 
Queen of the ilills workings through the Moultou and acrosis to tbe 
Broftdwater. The dATdopment eonaists of a tuuiel diiven on Die Inget- 
soli vein, which hero runs through Pinto diorite and is barren of pay ore, 
with erosscots to tbe Moulton arul South (.-an)lina voins. PI. LXI 
shows the shaft house and mine buildings as they appeared in i60o. A 
tb r ocoo m partmeiit sboft ABO flMtdeep, with Icrds st 100>foot intervals, 
drvf'lnyis the lower part of the vi-in. Tin* KiO foot lovel was the only 
one viKiled. South of the shaft it runs througb black mica-scbists, and 
is ore bearing in the pink gneiss, beyond which it passes into black 
i;neiM again. To tbe mortb tbe level does not extend to tbe llddspar* 
pnoiss. Thf mine is the only one where careful ore assorting has been 
done. The average smelting are ia reported to run 50i to (M) ooiiees of 
silver per ton. 

Oumberlamd^ThiH vein is said to be an exception to tbe mle that 

the veins arc oro bfjii iii>,'^ in tbe jiink ^neis-^. 

J»g0r»oU. — Over $4d,iNiO bas been expended upon this vein in dri%nng 
exploratory tnnnels in the nnsnocessftil seareb for ore. Tiiis exi)endi< 
tore was witliout doubt incurred because the ore carries a considerable 
projvortion of its value in gold. TT]! f<» 1S!17 r)if» total anioiiiit of ore 
shipped amounted to only G carloads, tbe last of which, tbougb sorted^ 
netted only $300 to tbe shippers. 

Tbe vein is a well-deflned one, but in tbii five claims ownt-d h\ the 
Ingersoll Company lias been worked only *>u tlic Inf^ersoll t hiiiii. On 
this property it cut« both gneii»8es and Piuto diorite, us it crosses and in 
part foOows the eontaot between theee loeks. Tbe gneiss is of both tbe 
red and tbe black varieties, and, as usual, iu neither the latter rock nor 
the diorit<» docs tlip vein contain any workable ore. Owing to the 
indented nature of tbe contact wiib the diorite, the veiu cuts successive 
projeeting tongaes of tbe latter in Uie gneiss as well as the main body 
of the intrnsion. 

• The veiu has a course N. 10= to 20© B. The dip is to the west in 
the southern part of the workings, but at the end of the long tuuuel 
is to the east, tbe angle of dip befog from 90f> to 80O. In tbe ore 
body from which shipments h:vcv h^pn made tbe dip in Tu'arly tbe 
vein showing an offset of 2u leei iu the 111 feet between the two levels. 
The width varies with the natnre of the fadosing roek. In the red 
gneiss it is over 2 feet; in the diorite it is commonly bat a few inches, 
and nowhere does it exc»>i d I A feet . 

The property has been explored by two tunnels driven on the vein. 
The apper is abont 150 feet long and exposes a small ore shoot; the 
Ihce shows walls of bard and blocky rock, inclosing 30 inches of soft 
and whitened, mnoh-altwed gneiss that is sheeted by pliuies & to 10 
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iavbes apart. The ore occurs aa a streak oi tiparry galeua lying on tlie 
fdOtiniO) ittkd as theveiik rock Is toft and clayey it slips easily In mining 
and caveftdown, ImvlDg the ore attached to the foot. The wall rock 
in thin tunnel is minette, but its natare WM not reoognued in the field 
and its relatious arc not known. 

The loww tnnnd IbllowB the vdn tat 1,000 ftet end ^en elmngei to 
a crosscut driven west to the Queen of the Mountains vein. The ore 
s< «Mi in (he upper tTintipl extends down to this Jevel, and the shipments 
luaclu irum the property came from tliis shoot. In general, the tauuel 
aboiTB the vein to cany a narrow rtnak of »par dotted with btonde, 
galena, aii<l jiyrite, but averagirif;, it l8 stated, less than (i ounces of 
silver to the ton. The diortte walls, which prevail beyond a jioint TOO 
feet from the entrance of the tunnel, show alteration for a distance of 
3or4inidiie. 

Alwut 1,00<> fppt fi*oni tlio pntranrp thp adit level leaves the Tiiijersoll 
lead and for a little over 100 feet follows a cross fracture in the diorite, 
which hae smooth and pollihed walls and ocoasionally films of rich ore. 
The diorite is very solid, showing no shearing until within 26 feet of a 
vein 2 feet wide and r unning ])arallel to and about loO feet waatof the 
IttgersolL This vein carries buuohes of 6 to 6 ouuoe galena. 

One hundred feet beyond tiiis vein the level leaves the fracture plane 
in the diorite and the course is almost due west till the Queen of the 
Mountains vein i» enoonnterod. These relations will be understood by 
refereuce to tig. 

^^M00ito/'^Jfoini<aliM.— This vein has been explored ibr several hvn- 
died feet by levels run north and south from the end of the Itigersoll 
crowSHcut. Tlie erosscat itself is driven entirely in diorite until within 
40 feet of the vein, where a dike of rbyolite-porphyiy is cut. This dike 
dips west toward the vein at 40o. The north level of the Qoeen of the 
Mountains vein shows a narrow streak of spar dotted with blende, 
pyritc, and galena, but no workable ore bodies. The level driven south 
from the crosscut tunnel was filled by a cave iu at the time the mine 
was visited, bnt it Is said to be cut in blaek gneiss and to show no 
workable ore. 

JngergoU Xo. LK — The property is developed by tunnels run north on • 
the lugersoU vein. About 1,U00 feet IWnn its mouth the lower tunnel 
is defleeted and is out acKMM the eonntcy mek for 600 feet in order 
to crosscut the veins pnrnllrl and adjacent t<> the Inprersoll on the 
west (see map of workings, fig. (Ki). Throughout this tunnel the luger- 
soil vein shows only 2 to 3 indies of lean ore, and by some of the miners 
is believed to be a <^ stringer," meaning an olhhoot that runs parallel 

to the \ "in. 

In the crosscut at the cud of the long tunnel the rock is a very hard, 
solid, unaltered Pinto diorite, breaklog with blooky fracture, and la 
very hard to drill. It shows no sheeting or fruetming until within 
26 feet of the 300-foot east erossent, where a stringer is seen liaving 
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smootb iiolisbed walls, Llie fracCure rnniiing uearly went aDtl dipping 
Borth. This oronwat shows » 3-lbot veiD outyiog bnndies of solid 

galena that holds Imt ounces of silver per ton. This cross lead is 
fb]lr)W(-(I 100 feet or mure, bhuvving occasionul films of rich luinenii, bat 
no biiucbes of ore, though bauches of quartz occur iu the hard rock. 

Bock Creek. — The throe velus sappomd to erass this p ro pw f ty have 
not been snfliciontly devrloix'd to prove tlirir valne. The workings 
comprise a tunnel with several branches. Tlie liock Oreck vein pitches 
west at 60^, is 2^ to 12 inches wide, and rnns through bUioldsh or dark- 
gray gnsisB holding much reddish gneiss and shot with tongasSf 
stringers, nnd Imnrhes nf T'intn diorito, similar to that seen on the , 
Boriaoe workings. The ore thus far extracted yields, when sorted, 16 to 
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18 per cent of lead, with KG ouuoes or more of silver per ton. It shows 
galena with silver sulphide and »nme wire silver, and carries no k<'1<^- 
The workings throw little light ou the veia structore. The west branch 
has a spur or olhhoot to n stope from whloh the rich ore was being 
taken oat Md ivm througli Pinto diorite mostly. The east hmadi 
follows :i tuirrow flssnre showing a film of spar without any pny ore, 
rutuuiig thruiigli solid gneiss, the face showing leached and whitened 
gneiss. A little ofbhoot from the vein shows the hanging wall to he a 
solid, blocky, black gneiss that is distinctly sheeted with five sheeting 
planes in a thirkticss of 4 feet, but as there is no talc or dwoniposcd 
rock along the sheeting planes they are not prominent. These planes 
«4ioIn a to 9 Itaet of shattersd gneiss. 
LiMk^TbU properly ie derehiped by namerons sorfaee ents and a 
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abort tnnneL There are sappoaed to be fbnr veins in tb« Qlaim, two of 
wbieb are oat by tbia tannel, the eastet tunost being tbe Lissieveiii atid 
Lizzie "Sit. 2, the veia parallel to it. Tbe surfiu p rnt s show n vein of 

browu,ocheroas,oJudized 
ore^ eontaininfr reeidnal 




of galeua. This 
ore cnmVs no ;,'ohl. TLe 
tunnel, which starts near 
tbe end line of the olaim, 
i)i 20(1 feet long and shows 
at its fiicc a vctii of white 
spar and quartz but a 
few inebea wide. The 
ore occurs like a string 
of lenses ed^e to edge. 
The wall rock is solid 
and blodky in fraotave 
and is largely amphibo* 
lite, in which shearing is 
not prouiiuent. Higher 
tip the hQlflide is au 80- 
foot tunnel. The discov- 
ery shaft is i:i feet deep. 

Lijisie 2io. 2, — This 
Tcin ia developed by two 
tnnncle, 110 and 12<) feet 
long. The first carload 
of ore shipped was from 
the dlaeoTery shaft, and 
netted $786 for about 15 
tons. Up to 1897 the 
dafm ia eatimated to 
have produced about 
#5,(10(1 worth of ore. 
JJakota. — This prop* 

erty is said to Imto » 
good showing of low* 

grade ore in a wellde- 
tiued fiaeore. In 1887 
tbe worlringa were not 

acct'ssiblH, the ttUUldb^ 
ing filled iiy a cave-iu 
about -HM feet from the 
entrance. Tfaia- lower tnnnel starfea in the Pinto diorite, bnt tbe wall 
rock changes to black amphibolite-gneiss, and in a short distaiH-«- this 
Is raplaeed by the diorite again. No vein was observed in the 3Q0 faet 
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accesHible in this tuuueL Tbe lead is said to be 4 leui wide. Tbe dump 
hmp shows a leaehed wbite gneiss iapMgiuited with pyrite. 

liroadirah-r. — This mine has been the chief producer of the district 
since 18SI3. Tlie property entbraocs several adjoiiiiiif,' claims situated 
ou the upper slopes of Neihart MouutaiOt southeast of the towu, and 
from 706 to 1,000 feet nbove Bdt Greek (see PI. LXII). Tbe property 
was a< tively prosi>ecte(l in 1S85, employing ae many as 75 nun at that 
time, but the ore bodies then found were not considered to warrant 
further development, and work was abandoned and the mine shut 
down. In 1^ tbe property was soM for #163,000, and the new owners 
at orico ItepTJ^n extensive (lcvoIn])meiit. T.arfje bodies of argent iicntts 
galena were at ottve encountered, and the mine yielded over 1,(hh),(h>0 
onnow of idlver in tbe saoceeding two years, the net profitii being stated 
to have been $4(i5,U00 up to 1895. In December, 18%. tbe ore in sight 
was lartri'ls cxlia listed :nnl ;i !n!ir_'- n^it tuniu'l st cmed to limit tbe down- 
ward extension of the oie shouts, but lurther development onoovered 
new extenstotts, and tbe mine has sinoe then eoDtinned to yield a steady 
output of ore. The shipments averaged .'t cars per week from January 
to Jnl.v, 1S97. ;ind were then increased to 15 cars per week '3(H) tons). 

Tbe vein has a general course of .N. 20'^ E. and dii>8 west at angles 
varying between 00^ and 80*^ (see fig. 64). The yein has been, owing 
to its productiveness, more extensively prospected than any other in 
the (!i.««trict. PI. T-VIII. ^vhi(•h shows the workinprs in 1806-97, gives a 
good idea of the regularity of the vein in lateral extent. 

ThoTein is rtrong and weD deAned and traTeraes ligbt^lored sehhrts 
and reddish or strenketl gray feldspathic gneisses, which it crosses 
at nearly right angles thrmifrhovit tlie greater part of its extent as 
developed. At the extreme uortherii eikd the level ^leuetrates Pinto 
diorite, and no paying ore has been fimnd in tiUs part of the vein. 
Near the entrance to the lower tunnel sheeted gneis-i^oid porphyry is 
found. In the Pinto diorite tbe vein is well delined and continues with 
nualtered course, showing a banding of rusty and bluish clay, and 
ooeasionally small Inindhes of leail ore, though in the diorite it has 
iinwliorr yiehlcd any paying ore bndiefs. The vein varies in width in 
dillereut parts of tbe workings, averaging between 3 and 0 feet, it 
has been explored ibrover 1,000 fleet vertically and 2,400 feet in lateral 
estent. Ofhhoots or splits are umnerous, mostly from the hanging 
wall, but are not large or important. Tn the npper workings the vein 
splits about a horse of country rock 5U feet wide and 100 feet long. 
Small horses 60 fset in length and half this in width are sometimes 
encountered. The workings indicate a splitting of the vein sonthward. 

The foot wall is usually well defined. Tlie ore sometimes oeenrs 
" frozen " to but is more often separated by a band of clay a few 
inohes thick, which sometimes is a rich ore, owing to films of silver sal> 
phides. No streaks or slickensidcs were observed nn either wall. The 
banging wall is uBnally a liaitl thoii^j:!) little- altered rock, butcrosscntS 
are few and its cliaracter is known otily at such places. 
20 OBOL, TT 3 28 
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The vein shows uaaaUy a very distinotly banded stxncturc. This is 
not dne to saeoeMiTe layers or crtuts of gangOB and ore materiale^ 

bnt cliicfl}' tn a sheeting of the iiltered country rock which lies between 
the vein walls and ooustitiites the greater part of the vein matter. 
This material^ of which the waste^dnmp heaiM are fimned, is a greatly 
altered leached gneiss or schist. In some parts of the miue the veia 
matter is breeeiated. frafjinents of country ro<;k beiiifj renipnted by 
btu'ite and quartz with ore miuerahi, aud to a lesser extent by day. 
IXo eriileooe shoinnif the amonot of flkvItiDg was obtained. In some 
parts of the workings the vein is about 4 feet wide and shows 3 to 8 
inch ore streaks near both walls, with intervening altered country rock 
sheeted in plates one half to 2 iuuhes thick. As the ore itself is sheeted 
in this case and tbe minate iraotoree are coated with eeoondary pyrite, 
it is evident that post-mineral fnMstnre has occurred here, aa it haa in 
seversil otlier miiios of the region. 

Two taults are observed. The ttrst is noted only on the lower level, 
and throws the vein to the east in its aontheni extension. The second 
is near the north end of the workings, and is a well-defined slip with dip 
of 50" N., and is marked by 0 inches to 3 feet of soft clay or Klickrnside 
materials between hard couutry rock. The fault cuts off the pay ore, 
bnt the vein oontinnes tieyond it with unaltered eonrse into tiie PintOi 

The ore consists chieHy of sralena, together with a h"ttl<« pyrite iu a 
gaugue of spai', with lesser amouuts of barite aud blende. The Hhix>- 
ments often averaged 20 per cent ziuc, 7 to 8 per cent leiul, 40 to CO 
ounces of silver for the high-grade and 20 to 30 onnoes of silver fbr 
the low-grade ores. In 1897 the ores contained only 2 to 3 per cent ef 
lead. 

The vein genefally shows first a strealc of sofli) muddy material, from a 

tew inches to a foot thicK, resting uik>u a welNUtlned foot wall. Upon 
this is the sulphide streak, consisting chiefly of fralena, then a low- 
grade ore, which is a mixture of spar, heavy spar, and galena. The 
hanging- wall rodi-is eomraonly hard and unaltered, bnt in some parts 
of the vein the reverse is true. 

While the galeua ore bodies do not commonly show a sheeted or 
banded structure yet in some parts of the veia this structure is very 
marked) and even in hand spedmens the ore shows a decided handing, 
due to minute layers of spar running through the galena. There is 
also a coarner baridtiip, (hw to alterrjations of sparry ore with uearly 
pure galeua. The ore is soft and easily broken and handled, oue man 
averaging a carload (20 tons) every two days. The deooroposed reek 
between the vein walls carries large amounts of carbonates, and the 
wall rocks also contain carbonate minerals. 

Fig. 05 shows a cross section of the vein observed on stopes below 
the third level near the waXb end, and tllnstrates aeommon appeatwice 
of the vein. If is inn)nsHible, however, to ^nve a cfoneral section, as the 
vein varies &om point to point. While the ore minerals occur rather 
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generally disseminated throughout the sparry parts of the vein, the 
pay ore occurs in shoots. PL LX shows the space stoped up to 
Beoember, 1896, and fllnstntes the aise and dip of tlw ilioota. 

Tliesi^ 8bof>t« are often persisteut for many feet laterally, bat vary 
somewhat in position in the vein. Tbey vary from narrow streaks to 
lanticnlar bodies wblob are sometiines as maoh as 4 feet across. In tbe 
soatiierly workings, near the entrance, the ore occurs in isolated and 
well-defined lenses wliose ends overlap. The best ore bodies consiat 
of a ueai-ly solid mass uf galena with a little barite, and will average ^ 
OQDoes of silver. The ore above the Ba 3 level (8,416 feet etovBtion) 
was largely oxidized, shovr- 
in^ residuul biinebes of 
galena. This surface oxi- 
datkm extends several ban- 
dred feet or more below the 
ontcroji. and is deejier alonjj 
pipes or water courseii. The 
riohest oies are not the ga- 
lena ores, bat those cany* 
iug silver sulphides, which 
occur iu the upper work- 
ings. In later devilopinent 

work at lower levels the Fiq. aS -Kucc of BnaiwHt on utope below No. S adit 

sheeted vein material,wbicb ^^yh "mit r iiiarkumith «i»op. o, w»ii r... k; 1. 1" bi«c.k 
fa a blMfihed and alterad <•!».>■ i-.:. -p.'ran.u- „ni„-T.,i: :t. . lay s»uKe.nd 

(pieias, is reticulated with I'l- "i"' ■•^■i ■"r.-.-.t; o'. ».ft 

minnte films of silver sul ^J^t^'^ ^^^""^^ """^ 

pbide, so that tliisi rock, re- 
sembling waste, isnM»evaIn8bIethanthega1ena^>restsesk. Inoneplaoe 
thevein far ISinohes nearest ttie foot wall is sheeted, and shows a streak 
of poor palena on' bnt (> iiicln s across, tliat carries mneli spar and liolds 
but 4 to 5 ouuces uf silver. The rock above this for a width of 5 feet is 
netted with oobweb-like fllms of blue sulphides, so that Hie roek as a 
whole carries over 300 ounces of silver. This rock seems to fade into the 
country, and uo good hanging wall was observed. Xear this same place 
the vein ]>as8es into a greenish gneiss, and it> tilkd by a coarse 
breeeia of this roek held together by spar, the foot vail being a solid 
and blocky red pnciss and the ores low iu zinc. Zinc-lined water 
. courses were observeii in a nnniber of ditTereut parts of the mine. The 
workings are wet, owing to the surface openings, but are well drained 
by the lower adit levol. 

In many places where the vein is not workable it shows a mass of 
spar peppered with grains of galena aud pyrite. As shown in the map 
of ths workings, the property has been developed mainly by adit lovolSi 
The relative elevation of these levels and the appearance of the surface 
iracks of the mine are well shown in PL LXIL The i Moperl y is admi- 
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rably attiMted for Um qm of ft wira>ffop« badtet lin«, bat tbe ore htm 

been liaulcd tldwii a very isteep wafron road — thv low est level being 4("K) 
feet above the ruilroati — denpite the fact tbat tlie teaming bill for six 
months more thau euitabi the amount uecessary to have built a backet 
lino. 



The veins found upon flu- north slope of Lonj: and N'eiliart mountains 
cross the slopes drained by biiow Greek. Though not owr 2 or 3 miles 
from Keitaart^ Umy are aoceealble only by wagon road np Oarpenter 
Or(>ek, and the long haul and rough roads make the mining of low- 
grrado ore impossible under present conditions. Thus far no large 
bodies of silver-lead ores have been found, but the high grade cliarai-ter 
«f tbe orea mined has led to ezteuaive developtuent work. The veiDe 
cut the various rocks of the diatrict, and the natnre of (he country 
* plays au important part in the economy of the raining development. A 
largo namber <tf oUums have been prospected, bat the only pirodootive 
minee are the Benton group, Big Seven, and fbtmerly the IXL and 
Eureka. 1 * < * ornucopia has, I am tdd, been extenaively proapeeted, 
but bus nut be« II a large shipper. 

Bmton group. — This was for many yean the largest prodaoerof high« 
grade orea of thecamp, and the gold contents were ko considerable tbat 
the mine was profitably worked from 1892 to IHIMJ despite the gen- 
eral depression in silver properties. The property consists of twelve 
dairas^ aitnated at the bead of a aoatherly fork of Snow Oreek under 
the weatem itoint of Long Baldy (locally known as Ncibart Buldy). 
The only workings \iRit<»d in IS'.'^l were tliose of the new tunnel 
01 nppermost adit of the mine. These workings nowhere cut entirely 
throngh the vein, exposing the walls. The vein matter is a blnlsh deoom- 
posed gneiss ctirrying pyrite. The ore, though but a few inches in width, 
was very rioh, consisting; of loosely comparted snliihides with native 
silver. The hanging wall uf the tunnel, which iti driven on the lead) 
flihowa Pinto diorite, and the foot wall a qaartaoae gDeiss, bat the vein 
crosses botli rocks and is not a contact lode. 

In the summer uf the high-grade ore bodies of the vein were 
reported exhausted and active development work was snH]iendcd, though 
a ooapla of leaaora were extracting some galen* ore from the atopes near 
the face of the lower tnnnel. Tlie workings wen; visited, but were very 
wet, and the ore bodies were obscured by mud in most places. The main 
adit level Is 2,400foetloug and is drivea on the vein. In tbial ew cr tnnnel 
the vein is from to 9 feet wide, and shows walls of both gneiss and 
Pinto diorite,'the former prevailinf; where the ore shoot*? occnr and the 
vein pinoliiug to a few inches in width in the latter rock. The vein 
Ut a bieoeia or gneiss, which is in plaeee ebeeked and aandy, bnt 
more generally is altered to a soft day like nmteri.tl, so that the mine 
workings are wet and muddy. The Benton on? has been unusually hi;;li 
grade^ the values being chiefly in gold, with some silver; but the boiUes 
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at th«> euU ul the new tutiuel oousiat of lead ore, geiieratly ziucky aud 
low grade. In tb« thitd taDii«l ib« vetn carriMi ore In bunchee mid not 
big iihoots. In the main lead the vtlnes were largely in gold. The 
timiu'I is said to cut two leads. The ore proihiced in the past has been 
mach like that of the Big Sevea. One carload netted $26,000, accord- 
ing to Mr. I>.O.B. Berker, and the total piodnotof the mine had exoeeded 
$400,04)0 in 1808. 

r.T/. and Furrka. — Thi» mine is developed by a 2r>0-foot shaft and 
levels, but htuj been idle for several years. The ore obtained in the 
upper wofldngs was very rieh, bat fave <mt at 00 feet below the «uv 
face, the vein consjstin<: of rotk checked by minute fissures aud not 
showing a single well-deiitie<l fissure. This is the general experience in 
mimug the ore deposits of the district which occur iu porpbjTy. In the 
wiiteHk opinion tUa la dne heie, a> it baa been lisand to be elaewhera in 
the State, to the physical nature of the country rock. The pnriiliyry 
is fractured by a okiee jointing, fissoiiiig the rock so that it was freely 
penetrated by the ndneralizing watei«» and the ore, instead of being 
confined to a well deflned vein, is diaaMttinated in minute films through- 
out the fine Joint fissures of a wide zone. Spcondaiy tMniclniiertt of such 
deposits generally rettults iu the concentration of the minerals near the 
anrlkeeaa rieh ores, which are probably eilver aniphidefr— "sooty" snl- 
phides they are called iu some campe. They cH>iitaiu much manganese 
oxide, and are quite unlike tboee anlphidea Iband at greater depths in 
the neighboring mioee. 

Big ^tnwa^Thls mine ban been Ibr several years past a large pro- 
dncer of the rich silver aolphide ores, carrying high values in gold. 
The fomy»»ny owns a jironp of seven claims iijKin the hii^b moniitain 
slopes north of the summit ul ixjug lialdy. Tlie ore being extractml in 
Aognaty 1$0T, when the mine was visited, carried from 100 to 000 onuoes 
of silver and $50 per ton in gold. The mine was ])rodncing from 2 to 3 
carloads a month of 300-ounce ore. dorived from development work 
aloue, DO stopiug being done. The veint» are exposed by uuiiieroos sur> 
fttee cuts aud by three adit levds. The veins bave the general nortb- 
ea.^t com SI' dimnioii in the district, and are well ilf fined ft -tires, cutting 
gneiss aud a dike like muss of I 'into diorite. Their upward extension 
Is in the overlying Neihart quartzite. The vein dips west at a steep 
angle, and is from 5 to 6 feet wide (except iu paaaing throngh the Piuto 
diorite, whiTc it is 3 inclics to L'.^ feet in width). It carries a 1- to i'-iiich 
streak of white quartz spotted with sulpliides, which sometimes forms 
good ore; the rest of the vein matter is altered ooontry rook cased in 
hard walls. There are often two ore streaks, but they 'are not per- 
sistent, thf)n;rh one is always pn»scnt. The haiifrinf; M'all streak is 1 to 
0 inches wide, aud occurs ^'frozen" to the walL The vein widens 700 
feet from the entrance to the tunnel, and has a oorresi>ondiiig1y wider 
•treak of quartz and ore. At the face it was 13 feet wide, and a k-ns 
of ove on the foot wall was 1.8 feet wide. The banging^wall ore streak 
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WBB not exposed, as the hanging wall was not oat The Toin matter it 
a decomposed gneiss, whioh appears cnisbed, bat shows no reoognia* 

able sheetiug, ami it is impregnat^nl with qanrtz spotted with ore. 

The Big Seveu ore shows polybasite with ruby silver and the usoal 
baaar anlphidea. It earriea very little galena, and is generally ngasded 
as a dry ore. This ore preseuts a wider variety of structure than the 
Oveof any of the other veins. In the smaller <|aart/v streaks the ore oou- 
■iata of quartz, with galena, blende, and pyrite as primary tilliug, show* 
ing banding and eomb atraetare. The Uffger maagen ahoir mnoh barlte 
in a oriBSCross structure, the interspaces filled by pyrite, galena, and 
blonde, which along vugs is capped by massive galena, with chalco- 
pyrite at top, covered by quartz crystals. Keplaeemeut of country rock 
ia aeen in acme 8peeiniena,lmt move eommonly tiiara ia naharp demar^ 

cation between altered 
country rock and tilling, 
whioh is beat seen in the 
breooia ore. 

An unnsnal type of ore 
found here consists of 
zine blende with a little 
pyrite and galena, ooated 
by jilumose quartz whose 
surface is dotted with 
masaes of pyrite, tb» oire 
being evidaiuify fBmed 
along a vng line. A car- 
load of this ore ran, ziuc 
2S per cent, tSkvw 800 to 
tMH) ounces ])or ton, gold 
?>l."iO lo *-J<M» i>er ton. 
The owners say tiuit the smelter returns do not give any k-aU from the 
Big Seven shipments, though the average ore always oontaina more 
or less galena visible to the eye and determined aS such by the usual 
tests. The ratio of the gold and silver contents of the Big Seven ores 
appears to be about $1 iu gold to 5 ounces of silver. 

The moat interesting ftatore of the nine ia aaaii In the upper work- 
jngS| where the vein passes into quartzite. In the only face seen the vein 
lona N. 20° ia nearly vertical and is 7 feet wide, and showed the 
oross aeetlon i^ven in llg. 66. The upper workings were inaoeeeslld^ 
owing to a snowslide a few months previous to our visit. Fmni infor- 
mation furnished by the owners and from tiie character of the veins 
iu quartzite on the neighboring claims, it appears that the vein scatters 
in tiie qnartdte and is very irr^rolv* There is reason to believe that 
li^ore dejHisits will be found along the contact plane between the 
gneiss and ijuartzite, wiiere the veins pa«s into the latter rock. Sam- 
pits of the oxidized rock assayed by Prof. O. E. Mouroe for the 
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laboratory of the Uuited states (reological Burvey gave 49.7ouuuc«a 
ofinv«raikdtl461iigoldpertod. TheqnartstteorelBitt part Aqnatts 

nilhifX !ind in part impregtiiitod qinirtzile. T( Hllo\v^^ no froe i^ohl, and 
110 mineral other than a ru^tiluJ^Hof therock due U> irou oxide isobserv- 
able even iu ore that tMbayed $1,600 per ton, bat tbe ore is shown by 
elwnffial teste to aoataln » hnf» amount of molybdoiraBi. The ftTwnge 
orr s fr ini veins in quart -irf yield 1?0 to .*0 ontires of silver and tr> 
$10 ia gold per ton. A ttaiuple collected by the writer from a ledge 
(not located) on the head of Nanow CkuigeOnlch, on the opposite atdeof 
tlie monntaiu, gave, apon asBoy by O. K Honioe, #4 in gtdd and 13J20 
ounces of silver per ton. 

In addition to the Big Seven mine there are a number of properties 
looated npon worldng vdns in tbe qnaitzite. The rock ia very dense 
and hurd to work and forms large talus blocks, as seen iu PI. LXIIl, 
showing tbe summit (if Neiliart Mountain. Tlu' rtu k dips sontlnvurd 
at about «MP, the bedding plane l>eing seen in tbe iiinstration. Tbe 
Bonimitof this mountain shows a narrow bnt well-deilned vehi of roaty 
quartz, whose course is N. 80^ E., dip S5^ N. It is uncovered by a 
trench r>0 feet long and 5 to 6 feet deep. fron» ^vhicb a low grade of ore 
has been taken. Other claims on tbe tuMlUiu betweeu Neihart and 
Long Baldy Moontafa, or east of it and a little higher than the Big 
Seven workiugs, show short tunnels that ex|)08e rusty ores of cemented 
quartzite fra^jments carrying t5 to •lO in fr<^ld aiid L'O to ."0 onnres of 
silver per ton. liicb quartzite ore like that uf the Big iSeveu has not 
been flrand in qnantitj in any of tiiese claims. 

MACKBT eamx. 

The disoovery in 1897 of veins carrying rich sorftoe ores aloug the 
course of this stream brought into prominenoe a part of the diatriet 

that had Imjcu generally rejrarded as barren. Several claims were 
located on the two veins now kuowu as the Gold Hock and the i'hillippi. 
The ilrst named has a nearly oorth-and-soutb course, like those of the 
district genen^ly, and is nearly parallel to the creek, whose waters 
in some places flowed over the lead. The veins all occur in tbe Neibart 
porphyry. This rock forms tbe ridge between Mac key Creek and 
Carpenter Creek, but shows few ezpoenreSf though the debris covers 
the ground. The exact area! c.xteut of tiM rock was not determined, 
owiuiX to this dt'bris and to the dense prowth of lodpepolc y»ifH' that 
everywhere covers it. Tbe workings seen in 1697 showed only bunches 
of ore in a ehecked and shattered porphyry. 

A Assure showed in the face of the Golden Dream, the lead having a 
course N. 20^ E. and dipping 60'^ to the west The surface cut seen 
showed a shattered and altered porphyry streaked with brown and 
black manganlfBTons ore. A short tnnnel on this property showed no 
distinctly defined vein at its fin e, but an altered rliyolite porphyry 
netted by fraotores marked by reddish films oanyiug pyrite and some 
quartz. 
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The Phillippi lodei from which, some rich ore was being extracted, was 
at tbttfe time opened for 011I7 100 ftet, and the ore oocnrred on tbe con* 

tact l>etweeu a hanging wall of dark-gray micaceous schist and a foot 
wall of alteml i>orphyry. The Mackey Creek ore bodies illustrate the 
branchiug ur diSusioti of the vein flssurcs in the porphyry. Every- 
whnre that pra^ieet enta or drifte had been nut eome <we wae seen. 
The ores are all seeoiidary siilpliide enrichments. Some nneleal tnasse-s 
of gukiiia were seen, and a very little oxidi/^ ore, but the greater part 
consisted oC sooty-looking sulphides mixed at the gra«s roots with 
mangaaeeeoxiden. A« was stated in disenssiniir the inflneooeefwall 

rook on the character of the vein flssnres, the porphyry is favorable ftUT 
such sorlaoe ores, but the vein» are not to be relied on in depth. The 
Oies will ttndonbtedly change in depth to galena, with or without silver 
sulphides. Until development work shall prove tUem permanent the 
deposits found in porphyry will be looked upon as likely to decrease in 
both value and quantity in depth. 

At llie head of the oreek the Dawn and Foster lodes have been devel> 
oped by drifts several hundred feet in'lengtli. The ores thus disclosed 
were low in grade acd int l:y, though there is a well-delined vein with 
quartz tilling along a porpUyiy-gueiss contact. PL LXIV, JL, shows 
tltts property. Bpedmens of nearly pure galena from this ciiaim have 
been assayed ibrtiia laboratory of the United States Geological Survey 
by C. E. Monroe, and prove very low in grade, carrying but 0A6 oanoe 
of silver per ton. 

The WhippoMwHl mine, shown In' PL LXV, Af was one of tiie 

earliest discoveries of the district, but has never been a profitaUe 
producer. It is easily aoeessible by tlie Carpenter Creek wagon rofwl, 
and the recent discovery ^18U7 ; of ore bodies on the claim by leasers has 
mived interest in this part of the district 

BAKUT CSBSK. 

.Mention should be made of the Harley Creek prospects, although 
they were not visited. Tiie writer is indebted to B. K. Abbott, of 
^eihart, for the following- notes: The ore R:imp!es from these prospects 
carry as high as 12 to 20 per cent of copper, with a few dollars per ton 
in gold. The Imperial group, comprising eight claims, was in 1807 
developed by a 4.50 foot tunnel, the Royal by a 200-fbot tunnel, and the 
Granite Mountain by a :t25>lbot tunnel on the vein. 

BOOVBB CBKBK. 

Claims located almut tlie head waters of Hoover Oreek yield low- 
grade anriferous i^ilver lead ores, but the pcospeots are not soffloietttly 
developed to show their character. 
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hy tile Ilflena Smelter Coiuimny, and if energetic work is prosecuted, 
8o that d*'V('l()i)iiirnt work fcecps fthead of ore dxtraetioiiy tibo fixture of 
tbe mines seems bright. 

OOOUBBBVOa OF TEB OIH MFOnTB. 

The ore deposits of Barker may be divided int^ two f lasses? First, 
those occurring in veins in the Hughesville syenite; second, those found 
In limestones along contact planes between limestone and porphyry 
(fig. 69). The Barker and the Wright and Edwards miuM belong to the 
first class. The socond class ini ludes n number of very prodnctive 
ore, bodies — the Carter, May and Kdna, Tiger, Mooltou, and other 
ninOB. Bzperienoe with aeiwal «f these ore bodies bavlng shown 
that tlic galona changes in depth into low-grade pyrite, it is a question 
whetber this is a common phenomenon with deposits of this type. A 
plan and section of tlie Carter mine are shown in fig. 67. The May and 
Edn% Silver Beile, and Cuter mines show the same phenomena. ' 

III tikis connection, also, may be noted the tUet that the Cumberland, 
tlie greatest ore body of the Castle Mmmtain district in this State, is 
a pipe of galena in limeMtone. Here also the ore changes in depth into 
P7rite> nt » point where' the itssnre is oecapied by a porphyry dllte 
that docs not reach into the upi>er working. The workings at the 
Tiger and Monlton minpf5 may not be deep enongli to show whether the 
galena will be replaced by pyrite in dex>tli, though tbe ore body of the 
mine is eat nt SS6 ftet below the ontcrop and is stni a good grade ct 
galena. 

In the Tiger the ore bodies near the surface were relatively tlat and 
shallow, indicating a spreading oat along joints and bedding planes, 
bat as tlk6 roelcs are nnoh Assared and the stmoture is oomplieatod at 
this point, no definite evidenc' -!n ving their exact occurrence was 
obtainable iA the short visit uiacie there. The mines located upon ore 
bodies in the syeuito its^ appear, however, to be npou we]l<deflned 
iissares in the syenite and inelnde the oldest mines and largest pro> 
daoers <tf the district. 

NOTKS ON THE MINES. 

Barker. — This and the iiray Eagle are the oldest mines of the dis- 
txict and yielded large amounts of ore in 1881, 1882, and 1883, and 
agatn in l801. The mine is nitnatod on Qaleua Greek, a short distance 
above the town of Hnghesville. The vein i.s in the Hughesville syenite, 
the mine being near the contact with granite-porphyry. The ore is an 
argentlferoas galena mixed with pyrite and a little cbaloopyrite, in a 
gangue currying eale spar and some barite. The syenite close to the 
vein is much dee .Triif'sed iitid the granite porphjrry encountered in tlie 
workings is le^iclied and altered to a soft, white, crumbly mass. The 
main body of syenite is ftesh and vtfry hard, tiiongh traversed by flhns 
of pyrite. The workings were not accessible in tbe years when the 
district was yisited. Tbe mine was leased in The property 
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inclades the Barker, Gray Eagle, and Bqiuttw daims, aod is developed 
bjr a two>ooiiiiMvlaneDt aliift, with lovels and a taanel. 

Wri/jht nnd Efitrnrdn. — This mine is also one nf t1if» oldest of tbe 
diHtrict, and oue of the best prodaoers. It is deveioi>ed by a shatt 
said to b« 250 foeli deep, and Is thenfkire the deepest mhie of tiie eamp. 
The veiu is » wellnleftued flssare in the HnghcsvilU- syenite, which in 
part follows tlie contact with ii trap dike. At the time visited the 
wiuv was dosed down and only tbe tunnel was accessible. Ibis is cat 
tlwiNigh the solid syenite, ranning ia an easterly direction fhr some 300 
fseC before reaohing the lode. - Thesiyenite shows in this distance «l^t 
or ten weU-deftned parallel fltaetme or sheeting planes that ran north- 




Vn. IT.— FIm aai watfan oT Onrtor nla*, Barkar d1«trtat. 



east and sonthweet, or parallel to the vein, and also very slight zeticD]b> 
tioD by cross ft-actiires. These planes are marked by a ttiw inobes of 
leaehed and whitened rottk, but «<> fnr as knowu have not been pros- 
pected. The trap dike is 20 feet wide, and wLere seen seems to form 
the weat wall of the flssnre. This took, as described in the ^wions 
chapters, is a kersantite. The syenite is so decomposed and leaobed 
near the ore bodies that it slacks in part to clay when exposed on the 
dump. It contains much pyrite iu stringers and disseminated grains. 

The Tein is aaid to aYerage nearly S fleet in ▼idth. The ore is Hke 
that of all tbe mines — an argentiferous f^alena-HWdoocnrs mixed with 
fyiite and sine blende. Samples of the best ore seen showed 40 to GO 
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per ueut of lead, and 30 ounues of silver per tou. It shows banding and 
crastifloation and eridenoea of ibrmatioiia in open oavities, aodoeears 

In well-deflued sheets Mpftrated by ore streakings or a low-grade ore. 
The property inchidois the Power, Neptniie, and Joe Hill claims, allpat- 
eut^ and in was bonded by T. 0. Powers et al. to the United 
States SmeltUig and BeflniBg Oompuiy m a sonrM of mpply for the 

Groat Falls Smelter. lu 1897 the shaft was 1 SO feet (lt'<'i>, with the usual 
levels, and a tnuuel was espeotoU to tap the shaft at 300 feet. The 
mine was shipping in 1897. 




Fm. M^WorktnKs of May wtA Ribw Bin*; Barlcer district. 



Paragon^ May and Edna, and Carter. — ^Theso mines are on or near 
tiio Kibbey diTfde, whore tbe wftfon road tttm Barker and HngheeTllle 

to Kibbey and Belt crosses the mountaiiis. The workiugs are in the 
Cjirboniferons limestones on the flanks of Cleiidennin Moantain, where 
the strata are upturned and intruded by sheets of rhyolite-porphyry. 
The workings were inoeoeesible when Tieifeed in 1994 and 1807. The 
Paragon is developed by a 150-foot shaft, and is said to show 2 ftM?t of 
ore. Like similar deposits in limestone, the ore occurs in chambers or 
bunches. The May and l^dna was the principal producer in the early 
hletor7 of the dtetriet 
Mouttonf Ti^Tf <m4 T, F«— Theae minee livrni a groap in the gnleh 
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between Mixe« Baldy aod (Jleodeuuin Moontaio. The first two are mid 
to be on fbe Bttme wUeh te in the btoken and folded limeBtones 

near the contact between the porphyry of Cleudeuniu Mountain and 
rliaf of Mixes Baldy. In the workings visited in 1S91 the vein ;ip})eared 
III on© place to liave rhyolite porphyry or Wolf porph.\ ry on one wall, 
and to be in Barker porphyry. 

TheTi^er li;is been u sliippitif; tiihie for many years past, and was 
worked even when tlie other mines were closed down. The ore is 
argentiferous galena, whicb occurs in lenticular bodies, those seen in 
the trorkiDgo in 1894 beinf lenna 3 to 6 HMt vido^pinohiDC oat nipidlj 
in depth. The workitijjs at that 
time coHiprised a 335 foot tunnel 
and shaft. Aooordin;; to infbnna- 
tion since received, the tunnel has 

iK'eii c-^ f cTidcfl fo "i.'O ftH*!. the sliafl 

has been 4lee|)eued to 120 feet (]ii98), 
and an ore shoot 3 fbet trldo and 
carrying 30 to 40 per cent of lead, 
with 18 to no ounces of «i!ver per 
ton, has been develoi>ed. The prop- 
erty baa been worked under leaae 
by various parties since 1893, dor- 
ing which time the shipments of ore 
aggregate about a thousand tons. 
Id shipmentaof 10 to 90 oarkiada a 
anmmer* 

The Moulton mine, eomprising a 
group of four adjacent claims, viz, 
Harrison, Bellfont, Pioneer, and 
Moulton, has also been a shipping 
mine for several years past. The 
ore is a galena, carrying from 20 to 
40 onnoes of ailvw per ton. It la 
developed by a 100-foot shaft and a 
tunnel, completed in 1898, which 
tops the lode when 1,232 feet long, 
at a depth of 396 faeL Thia level show* a vein lying, it ia aaid, on 
the rontact between a porphyry haufring wall and limestone. The (ire 
body opened by this a<lit shows a galena that is 7 feet wide in places. 
Three thonaand tons of ore were shipped in 1898. The last ore body 
diaeoTered is said to be 14 feet wide. 

Liberty and Quet n f'«//(rr.— These mineR are situated in the syenite- 
porphyry, near its contact with the graoite-porphyry mass, vhose 
highest point is the peak known aa Mlxea Baldy. ■ 

The Liberty lode has a course 60° to 05° E. and dips at SO** to 
60^^ to the south, into the mountain. The ore is the nsnal argentifiBrous 




Flu. 116.— Iilaat traaaTene ■aetlon of type of eca- 
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galeoa, aDdoeoara in a bauded mixture with quartz. The pay ore occurs 
in ft 6hoot that is 3 to 4 ftet wide «id 190 HMt long, wh«re it it ont by 

the upper tunnel. The mine is developed by two tnnnels driven along 
the vein, 110 feet apart, and an inclined shaft; 190 feet deep following 
the vein froai the surface to the lower tunnel. The ore shoot was uot 
eroMed by the lower taniiel when the mine wm Tiiited in 1897^ but 
was cut for 00 feet. Its vertical extent wa.s still unknown. At tliat 
time there were 30 men employed and from 2 to 3 carloads of ore a 
week were shipped. This uiiiie was also reported leased to the United 
Stetee BeflaiDfT and Smeltfnff Oompiuiy in ISn. 

The (Juoeii Kstlier mine shows a quartzose vein carrying a pay streak 
of galena up to 6 inches in width in a well-defined shoot. The vein, like 
the Liberty, dips into the mountain, and at nou-Iy the same nn^le. The 
Ttin fUlows in part along the contact between syenite and a granite- 
porphyry dike which forms the east face in the lower tnnnel. In 1897 
the veiu was developed by two tunnels, one of ii5 feet and one of but 
75 ftet In length. Fonr carloads of ore wetre shipped In the sammer 
of 1897. 

Other clahns. — The McIviT?1ey was worked in 1808, the development 
work consisting of a 95-foot c>Uaft, which shows a 3-foot ore body of 
galena and spar, and ftom whiob samples were reported to assay 40 to 
60 per cent lead and 90 to 120 ounces of silver per ton. This property 
was not visited. The St. T ouis was not visited, but is said to show a 
vein carrying tux uru ruuiuug 44 per cent lead, 20 per cent zinc, and 
oarrylng 37 oanoos of sllTer per ton. It is developed by a 200>lbot 
tunnel. The Blackhawk, Ontario, Defiauce, and Sunli^'ht claitiiB are 
reported to be promising, but no iuformotton concerning them was 
obtaiuable. 

MIDDLE FORK OF JUDITH RIVEK. 

Several discoveries of copper, silver, and gold ores have been made 
in the region drained by the head-water branches of the Middle Pork 
of Jndifh Riyer. On EJng Greek one such property'Sbows an oxidized 
ore earryinjj pohl. which occurs in the limestones beneath an intni«ive 
slieet of trachytic porphyry. A small amount of the ore was treated 
in an arrastre ran by water power, bnt no work baa been done for ten 
years past. 

Tlie Fairview claim aluo shows a body of low 'fr.ide silverlead OTO^ 
along a contact between a porphyry sheet and limestone. 

The Grendal claim has yielded ore carrying copper as well aa lead, 
jlleked samples assaying 10 to 12 per cent of copper and $5 in gold, 
aecordin;r to pnhlished statements in the local pre»K. The dayalopoient 
consists of a 7i)-foot adit tunnel and a ^foot shaf t. 
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YOGO MINB8. 

The discover}' of gold in the allitvial grraveU of Togo Creek broaght 
the onetomary stampede in 1879. The town of Togo was started, and 
dnrinjr its brief ]i r-nr! of life is siiiil to liaro rontaiiied 1,200 or l,r>(M} 
people, with well-buiit log Looses and the usual accompaoimeuts of a 
mining town. An aotivB mhuoo'b mwk, daring wbinA smral miles of 
ditches were bnilt and oonsiderable anoniits of gmvel pn— od tbiavigh 
the flumes, was followed by a cleait np so monpcr :is to di>?conni^o further 
operations, and the boom oollapsed. The towu was ull but deserted iu 
1883, nod In tho many years that have ranee elapsed the log oabins have 
been carried off by settlors tO the treeless country of the Judith Basin, 
until to dsn' a half ilojien or v-o are all that remain to mark the 8i)Ot. 
The locality was visited in the summer ot l^i) by G. E. Swallow,' at 
that ttme State inspoetor of mines. In his report he states that ait 
the Weatherwax mine, on Skunk Creek, he fonnd a small mill having 
a crnshor, TTtiritcr oscillator, and Froc vnnner. workinfr <» to I't tons of 
ore a day, the ore coming fi'om the GoUl Heit mine and yielding $15 
per ton. Fbar men were employed at tlie mine and mill together. An 
arrastre, run by an oviTshot wlu-t'], vrm also rnnnitinr at ^'o<;o on ore 
fronj the T. C. Power mine, in lfiy;i a dozen or more men were living 
there. In 1S07 only three or four men were in the neighborhood. 

The ailnvial gravels, though too poor to pay a retmm in the early 
days, have been worked at intervals ever since, though never hy more 
than half a dozen men at a time. In 1897 bnt two men were thus 
employed, and they informed me that they made fair wages from the 
little stripof hilUide gravel they were tin n washing. Panning a little 
of the gravfl, the >;o!d wa« found T" I bright and clean, without 
quartz, rather rough, and in Hattish grainti j no scale gold being noticed. 

Dnrlng the single season of its exiatenoe Togo was the center from 
which prospectors streamed out over the neighboring region in every 
direction. Many discoveries of mineralfi were made at this time and 
in subsequent years, when both (ireat Falls and Neihart contributed 
men who diligently sought for mineral deposits in this part of the 
LittieBeltk Hueh work was done — seldom wisely — in this vicinity, bnt, 
so far »9 the writer ha^ I)een able to ascertain, the total prorliietinji of 
the mines at Vogo proper does not exceed one or two thousand doilarn. 
The WeatlmrwaK mine is reported to have yidded as mneh as this, bnt 
no definite information on this point could be obtaine<l. On Running 
Wolf Creek two mines, the Woodhnrst Mortson and the Sir Walter 
Scott, have produced considerable ore, wbiih was freif^fhted to (ireat 

' KotHjfU i>t llitt tuJijKwUir and deputy lu»|>t>ctor of misw fur aix muDths oudin^ Norembor 30, lf89, 
bj G. B. Swallow, inspector, tuA #.a.1kmi(tfeMi, dcpaty JaKfMttrt 4mcm1 PnMlliMkm ffTaiftmifi 
Htimn, Mffl»«iiii«, UN. 
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Fulls, Imt d^nite TetnniB ooaU. not be obtainad. Several prospects 
huvi- also yielded small unKmota of silTer-lead ON ftom Bnnnlng Wolf 
YaUey and liion Creek. 

« 

aSSBBAI. OOOUBSBNOB OP 0KB8. 

The Oree of fhe .ufiiee »t Yogo proper are generally very low grade 
or occur in depostta too email to work, (ialeua, pyi ito. chalcopyritef 
mu\ tlieir oxidation pro<liicts are the chief niim rals. Tlif tlt'jtosits 
w;cur in the altered limestones at or near the contact with the grauuhur 
rocks of the Togo atock or the sheets and dikes eonneoted with it 
The " stock " contact can be very easily traced by the prospect pits, 
w!i«>sp dnmp lioaps of wliite inarhle arc common foatti res of the contact 
zone. I'he ujiuetle dikes cutting the liiut^ntoueH have also beeu quite 
often prospected, as their cootaot la ft^qaently marked by bands of 
pyrite. The niidcr rontact of intrnsivt' >ht>ots of ixirpliyry is also very 
often mineralized. There is a wide.si»read uiineraiizatiou, but, so far as 
developments show, the ore is too low grade to be workable under 
present oonditiona. The ores at Yogo whidi have been worked oceor 
beneath intrnsive sheets of porplivry. the ore being a roplarement of 
the liiuestone aad in part uu iiupreguatiou of the leached Hud altered 
poi pltyry itself. Tlie corsory examination made of these i>roiH'rties 
doea not enable me to say what their lutmc may be. Geologically, 
their ofritm'ncc is a favorablo nno. It is ))<-riia|)s safi^ to predict that 
the oxidized ores tVmiid m sevenil localities may yield a proUt by the 
cyanide or some equally cheap process of extraction. 

The south contaot of the Yogo stock was locate4l for a distaooe of 10 
milos, Ix'iiij; known as the " bliu' lode." So far as known, no ore has 
been shipiied from any of the worlciugs. At the head of Vogo Creek 
a prosi>ect shaft near the trail shows deoomposed lead ores aad a nisty 
gossiin, said to be slightly auriferous. West of Yogo Peak an old lag 
shaft house standi^ on th(^ contact between the main shonkinite mass 
and the altered limestones. >io ore was seen here, but the dump heap 
Show* ahonklnite eanying stringers and lUms of pyrite. The nortiieni 
contact of the stock has also been more or less pros|iect«d, but with> 
out 8uc4'e«»s. Thp TJon Creek prospects (Judith mininfj district, nnor- 
gauizedj are on jxirphyry cou tacts some distance fruiu the syenite 

norm on individual pbopxbtxbb. 

The following notes were obtained dnring brief risits to the dlatrlot 

in 1S1K5-01. thonirh few workings were accessible, and the few facts pre- 
sented are given for the reason that uo other inlbrmatiou whatever is 
obtainable. 

Qudk^ City and Delia. — These claims are situated on the open slopes 

of (ho basin at tlip Pxtromc head of Elk (rnlch. At this placp tlio Car- 
boniferous limestones are fractured and show numerous sheets of 
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* qrenite-povphyry, wbicb »ro similar to, and probably offslioots ftoiO} 
the main mass of tho inouiitain to;i. Dikes of dark tiiinette are also 
seen. The claiius have beeu workcii intermittently nince 1892, iieveral 
sliallow piM]ieet abafUt one 40 feet dee|>, being rank, and a tnnoel nev- 
eral hundred fi'ct lori^' iliivcn into (lie mountain side. Ore, said to 
contain free gold and to assay well, is rei)orted to have been found iu 
baiicbes, but 1 have beeu unable to fiud that any of it has been shippecl, 
and tbe Munples gathered by myaelf and assayed fbr this office carry 
ton littlo valno tolte rlnssort as oto. Wlien last visited — — the writer 
was informed by the placer miuer8 that tbe elaims were no longer worked. 
Wbeu visits in 1808 tbe owners, Charles Ferris and M. B. Domblnt, 
were drivm- ;i tmitu'l on a dike of minette. The shaft showed 5 to 6 
feet of iiiiiuMalize<i material said to he low-frrndf on-, but tlu- ort- body 
wa8 cut oil' by iMrpbyry. The tunnel was at this tirao about 30U feet 
long. Tbe mtnetle being soft and easily mined, it was followed, though 
the so-called ore was but a band _* ri> 3 inches in width that was firand 
at the contact of the dike and encasing limestones. The course of the 
dike is northeast and the dip HP W.; tbe trend is not constant, but 
somewhat sinuous. The limestones (Oambriao t) ooenr in layers 3 to 6 
inches thick, with shaly portions, and show contact metamorpbism 
alongside the dike, where they are altered to liiarldc and a coarse 
aggregate of garnet, pyroxene, and calcite. The ore streak occurs 
with a thin clay selvage, which is not always present along the oontaot 
])lane. The so called ore, found at both the tunnel and the shaft, is 
pyrjtous, and of too low grade to work, ]iicked samples gathered by 
the writer giving no gold and 0.00 ounce of silver as a result of careful 
assays made by O. K Monroe. 

Cali/ornin. — Thii^ cliiim is Kitaated on top of the yU\cc at the head of 
Skunk Creek, near the coutict between the syenite and limestones. 
The vein matter is said to be 10^ feet wide, to have been developed for 
50 feet iu depth, and to curry $7 per ton in gold. It is owned by the 
Jtiditli Valley Mining and Milling Company and ia worked by Lonis 
Pepin, E. Giroux, and Joseph Butler. 

Ohrittopktr Colomio.— This is the name glvmi a proapeet on the 
Bandbox Monntain side of the divide, at the head of a fork of Wolf 
Creek. Tlie workings comprise a oO»)-foot tunnel, a 7" foot Rliaft, and 
two crosscut levels. Tbe lead shows only silver-lead ore, occurring in 
nearly flat beds of limestone. 

Weathencax. — In the early eighties, when tbe Togo district looked 
most promising, this property was extsmsivcly prospected and a 5 stamp 
mill erected. The workings embrace tunnels driveu into the slopes 
west of the gnlch and tapping a lode said to be a contact deposit 
between limestone and a porphyry sheet. It was Dot aeccssible wbeu 
the district was visited. 

C. Poiccr. — This claim is uu a sheet of porphyry showing on both 
sides of Slrank Greek aifd on Elk Cnek. Considerable prospeoUng 
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has been done at varioaR periods. The ore is a rotted, oxidized qnarta) 
sliowinfr miiitM als, but said io c an y low values iu gold. A iniuette 
dike cuts across the claim. The property has jrielded Keveral haudreil 
tons of oxldtzed ot«» treated in t^ Yogo »m«ti«. Id IttiO tbo ore ie 
said to have assayed #15 per ton. The property irae worked in 1803, 
but is now shut down. 

Little Smma, — Tliis claiiu, situated west of tbe Blue Dick, shows a 
pyritone cold ore. Two 28-foot shafts and » 300-foot tonnel prospeet 
the lead. Tbe tuunel is 12 feet wide, and shows ore on contact of lime- 
stone and ^euite that said to assay per ton but is not free 
railliiig. 

Blue JKel^— This dalm, on the dopes west of Sknnk Oreek, shows 

mineralized con tact dipping at45^ into the mountain. Theoreis mainly 
pyrite carrying free gold vrith copper staining. Theory 0( cnrs at nndpr 
contact of syeuite-porpliyry and limestone, and shows 8(»uie breceiati»in. 
This property was worked by P. H. Haghea in 1899, the ore being 
crnsliC'd and anial;;aniat»'d in flic arrastro at tbe Yogn sftt'tMinMir. 
Tbe ore carried a small amount of silver and gold. A sampU' of the 
oxidized ^'ore" assayed for the Survey laboratory by C. E. Monroe 
yielded only a trace of gold and 2.3 onnoea of silver. One of the sol' 
pbideores pavp •! in gold and le^"^ than an ounce of silver to thf ton. 

Climax. — This claim, like the Christoiilu r Colombo, is on tbe Wolf 
Greek side. Hie ore is a mixture of manganese, pyrite, and galena, 
and carries ooosiderablo lead and some gold. 

Bill Ci/mmfrrs.~ThisptO(q^t yields high-gradeleadores (ISSoances), 
but in small pockets. 

In additiou to tbe prospects mentioned, there are many more in tbe 
Tidnitj of Yogo, some of which were visited, although tbe workings 
were generally so shallow that little ootUd be said ot the chtim. 

RUNNING WOLF DISTRICT. 
OBB DRFOSITS. 

Th« ore deposits of the Running Wolf Creek district occur in lime* 
stone, nnd, as is so commonly the case with tbe ore deiwsitsin thisiwk, 
they proved irregular in form and limited extent. That they occur on 
fracture planes either on or near eraptiTe contacts is apparent from 
tlieir snrfiwe relations, and the ores and waste rock of tbe minea allow 
that they are replacement deposits. So far as ob>^erved they occur on 
lines of faulting or disturbance too alight to show ou the geologic map. 
The ores consist of galena and its alteration prodncts. At one place, 
tbe Walter Scott, tbe ores are <* dry** — ^i. e., without lead. The common 
ore is galena mixed with a ja«pery jrangue. The repla^-ement is »bown 
by a gradual passage from ore into jasper, and this into a silicitied lime 
stone showing knots andbonches of silica, and this iutoonaltered lime- 
stone. The jasper is really a mixture of chalcedouic or cryjitocrystalliue 
silica, with a little qoartz in small banches and lining cavities. It is 
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nsnally brown or reddish from iron oxid«, and quite plainly ooetirsasa 
raplacetneiit oflimeatoDe osnally encasing the galeuaore bodies. Tlie 
cave;; and water ooanee eeen aboat eoeb deposite are plainly of recent 

origin. 

Tlie Sir Walter Soott^ Monntatnaide, and Woodbarsfe are tbe only 

mines that have been prodacers. Tbe region iR easily accessible by 
wa;ron roatl, bnt so remote from a railroad that low-^rmle ore bcxlies 
can uol be worked al a protit. Tbe litiiiU'd 8tze ut' tbe ore bodies and tbe 
lack of well-deflaed vefna render the fiifcan of the region ancertain. 
None of the workings wcro aoccssible wlifn the region waa Tieited in 
1604, and the properties are, it is understood, atill idle. 

VOTES on THV Mnns. 

Woodhtirst-Mortson. — This property shows the most extensive devel- 
opment work of anj' minf of this district. The mine is situated on the 
south side ot liuuuiug Wolf Creek, in a recess or uicbe cut in tbe steep 
limestone alopes, aomo 600 or more ftwit above Uhi ereek. The ora now 
Pf»eii is chietly {rnlrna in a jafii>ery gangue showin;.' nincli cali itf. Tlie 
mine buildings are shown on PI. LXVIU, which also shows the tower- 
ing walls of massively bedded white limeatone that lise behind it. 
These looka dip sontbward, the synclinal folding being due. it is 
supposed, to the Steamboat uplift. The liniostoncs arr intruded by 
a sheet of syenitic i>orphyry, whose tains slide is .s*>eu alongside of 
the mino on the eaet. Tbe material of the dnmp heap {ndieatea that 
this porphjiyis enoonntered in the nndergroand workiiij^s of the mine. 
The ore occurs in a contact vein >M»tween the porphyry and the limestone. 
The vein is 2 to 7 feet iu width. The workings comprise a shaft said to 
be 300 ieet deep, together with levels aggregating nearly 4,000 feet in 
length. In 1880 it had yielded o<H) tons of carbonate lead ore, carrying 
05 per cent lead and .'iO ounces of silver ]ter ton, with no zinc.' A Rmall 
smelter was boiit on the main creek, near the mine. It was run only 
A short time, and waa not a flnanoial snooess. Over $30,000 worth of 
work is 84tid to have been done on tlie jn operty. 

Alongside of the Woodhnrst ^^ort8on is a low-grade body of oxidized 
iron-copper ore, carrying a lew ounces of silver. When visited iu 1894, 
this had been prospected by a shaft GO feet deep. 

^»'tV Walter Scoft, — This mine is situated on the flat. ele\ ated summit 
of a Bpnr of Steamboat Mountain, north of the Woodhurst mine. The 
vein is said te lie 2 to -6 fiaet wide, and is a contact deposit between 
limeatone and porphyry.' The deposit waa worked for a abort iieriod, 
about 100 ton^ bein? shipped, on wliicli a few thousand dollars was 
realized. The character of tbe ore is unlike that of the Wuodharst- 
MoTtaou, being a free milling silver ore, carrying 00 to 70 ounces of 
silver per ton and containing bunches of very rich ore. Tbe geologic 
atmetate of the locality has already been noted. Tbe limestones are 
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TrdtarSeottmiM. 



tbinlr bedded find belonir to the bme of tbe Oarboniftroiis series. The 

beds dip avray from SteamboHt Moautain, and are intruded by sevenil 
Bbeets (»f i«»rpliyry and cut by traj) (miiu'ttc dikes trciidin;; to Vogo 
Peak. The mine is accessible by a fairly good wugou road. The prop- 
erty is equipped wltb ootnfbrtable log baildlngs for boarding boase, 
blacksmith nbop, BhaAboQMi eito> The anderground workings were not 
■eeeSBible Wben Uie ]»rop»M ty wah visited by the writer. Miners familiar 
witli the workings statA that the shaft is 300 leet 
deep, with tbe asnal levels. It is also repotted tbat 
the ore occurred near the surface, and that tbe ore 
boily is worljed out. 'Tho levels tap a larjre cave, 
whose l>ottom is tilled by a great pool of water. The 
material seen on tbe ore pile sliows galena, mixed 
with ('<)i)per pyrite and thiorite. Vanadinite col- 
lected from this mine by Mr. It. H. Cha])man is well 
crystallized; the specimen has been kindly studied 
for me by Mr. H. H. BoMbsob, and the erystals have 
been drawn under the direction of F'rof. S. L. Pen- 
field, of the Sheffield Soieutitic School, i'ale Univer- 
sity. Mr. liobinson furnishes the following notes: 

The brownish erystals have tbe form of a hexagonal prism, nsnally 
with slijrlit truncations of the edjres iitid a tejidency to taper toward the 
extremities (tig. 70), thus giviug the crystals a barrel like habit which 
is not nnoommon witb this upectes. The surfiwee of tbe prisms axe 
oneven, while the basal planes are itNigh and usually show a slight six* 
sided depression. On a few of the very •^niall < rvstals the faces were 
safficiently perfect to admit of measurement with the rejecting goni- 
ometer. The habit of these erystals is shown by tig. 71, iiie forms 
being the prism m (1010), tbe pyramid of tlie 
first order j (inili, the pyramid of the second 
order p(1122), and the base c (0001). 

ilfowi(a<ttsMe. — ^This mine, near the Sir Walter 
Boott, was not visited. Tiie property was being 
worked in lS9l,and is said to have yielded some 
$30,000 to «40,000 worth of ore, paying " from 
the grass roots down." 

Yankee Girl—Thin claim, discovered and 
worked in 181>1, is a dejiosit of arfrentiferous 
galena and its oxidation products found in lime- 
Stone. The claim is streaked on the steep slopes sonth of Running Wolf 
Creek, about a mile above its forks. The ore body is clearly a repl h c 
ment. Xo detinite tissure or fault plane was recognized, but the ore 
occurs in a zone of shattered limestone parallel to the bedding. Tbe 
central part of tbe ore body is a nearly pnre galena, which grades into 
a riiixfure of brown iasper and {ralena, forniiiij; the outer itart. and this 
is incased by au irregular crust of ja8X>ery quartz which grades into tlie 
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limestone. Several tons were shipped iii 1894, tbe ute beiiig emrted, 
BMsked, b wded on " stone boats^ down tbe steep trail, and tbenee carried 

bif teaui to Great FaUs. Tbe ore body waa G foet thick, 200 feet long, aud 
was exposed for a width of 20 ft-et. The lens dips sontli at "0', beiug 
nearly couformable with tbe iuulosiog limestones. Several other claims 
in the vidnity— tbe Ada^ Oaaeade^ and Keyatoiie^ north of the creek* 
and tbe Lookout, oue-fimrth mile eaat of the Yankee Girl— aboir aimiJac 
occnrrences of lead ores in Ittnestone. 

Eureka. — This property is sitaated at the head ut tuo lueek, directly 
nnder the divide to Lion and Dry Wolf creeks. Small pockets of silverw 
lead ore were found, but the mine is very generally regarded by the 
miners of the repfinn as a " wild cat^ proposition. The liinestone?^ are 
nearly horizontal, being the center of a synclinal fold or bi^in. Tiiey 
are cntby a number of dikes of basaltieroek running: across theridge, 
and the ore deposit is sn])po8ed to be eoiuieeted witli these or similar 
Assures in this i^une of fractured liniestoues. The iniue is equipped 
with a UO'horsepower engine and hoist. 

DRY WOLF OR LION CRBBK DISTRICT. . 

The ore dei>osits thus far prosi>ected in this district occur on the 
northern side of tlie Voiru divide, and properly Leloiig to that district. 

The only claims examiued are on Lion Creek, on tbe slopes south ot 
Big Park. Tbe alluvial deposits at the moulh of Lion Greek contain 
gold and have been pla<:ered witli more or less success at various times. 

Lion Creek is n small stream draining' the mountain Ride direetly 
north of the settlenieut of Yogu and cutting a dee^) trench in the sedi- 
oentary rooks. Tbe strata dip eastward at » gratle angle and are 
iiitnidetl hy sheets nf pnrphyrj\ The ore de)>osits tlius far discovered 
appear to be contact deposits, and they occur bcueatU these i»orphyry 
sheets. 

At the head of the creek small ore bodies are found along the con* 

tact between the limestones and the hip syenitie stoek, and in some 
cases ou dike contacts, but no producing mines have yet been devel- 
oped. Iron ores also occur at tbe contacts between limestone and por- 
phyry in Iron Gulch. Large lM)\vldeF8 of this material seen near the 
Lion Creek .settlement consist of very pure limonito carrying 40 to 60 
per cent of iron. 

Tb» only property as yet developed is the Pierce and Higbee mine^ 
, embfacing the Dry Wolf, Gold Dust, and Anything claims, which have 

been snrveyed and patented. The property was deserted and the 
tunnels weie not accessible when tbe plansd was visited. The ore heap 
showed galena and cbaloopyrlte, wiHi their decomposition producta. 
The deposit appears to be on a conta<':t with a sheet of porphyry 
intruded in the dark-lnrown JeffiBrson Umcetones. 
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MOUNT TAYLOR MINB8. 

A leiul discovered on a high sboulder a short distatice below the 
gatnmit of Mount Taylor has been developed by a shallow shaft, over 
which a log shatt boose has been built. The vein is a fissure in lime- 
Stone, nurntng east and west, aad evralss galeoA sad its decomposition 
products with jasper and oxidized eoppor ores. A road %\-h']<-h has 
been cut through the forest on the south slopes of the monutaiu afibrds 
easy aooess to tiie mine, bat snffldent development work lua not yet 
been done to pcove tlie proper^. , 

YOGO SAPPHIRE MINES. 

The Yogo i^apphire mtuei^, which are to day the most valuable gem 
mines of the oootitry, are ntuated in Perieras Oonnty, Montana, 18 miles 
west of the town of Utloa. Tbe locality isi not accessible by railroad, 
but can be reaclie<l by waj^oii io n! from Utica, from which town a stapfe 
line ruos daily to the raihroaU nt ( <reat Falls. There is ai»o a short cut 
over tiie monntains by bonebaek trail to Keihart, the termination of 
the Belt Mountain brancli of the Great Northern Railwaj'. 

These mines are an iiiustration ot" tlie ^ood lucic wliich sometimes 
occurs iu uiiuiug. In l6do a plaver-iiiiutug uuui[Miuy was orgtuiized to 
work the gold-bearing grarels foond in poekets upon ^ limestone 
bench land lyin^^ east of the Yo<;o fork of the Jtidith IMver. A ditch 
costing i3S,U00 was built and the waters of Yogo Creek were carried 
upon the bench land, with a head of 300 or 400 fSMt. The first season*s 
work demonstrated that the gravels would not pay a«i gold plaoera, as 
a clean-up of but ATOfl was made as the result of tlio *Mitire seawn'a 
work. The sluice boxes, however, contained a large number of blue 
stoneS) whicb were identiOed in Kovember, 18S5, as sapphirM. 

A eigar box full of the gems collected at this time is said to have 
been sold to Tiflany & Co. for $3.Tr.f). Preparations were immediately 
made to work the gravels for the sapphires, which seemingly occurred 
in great abnndanoe in certain parts of the field. It was believ«'d at 
first that the gemS, togitfher with the gold, came from Yogo (tuIcIi, 
and that the jrravels represented hti old and hij:h channel of that 
creek. Their local derivation was discovered by John Ettieu, a settler 
in the neighboring valley of the Jndith Biver, in February, 1806, 
While prospecting tin- ground above the pla(;er he noticed a Assure in 
the limestotie. whose soft filling resembled the outcrop of a vein. Two 
claims were located ou it and some of the dirt was taken to the nearest 
stream and washed. Tbe bine sapphires in tbe earth wete notioed, bnt 
it was not until they were shown to the placer workers that their value 
was known. The importance of this discovery was recojrnized by Mr. 
Hoover, one uf llie owners of the placers, and he and hia parluer.s at 
once located the sapphire lead* It is now known that the gems oconr 
in a dike of trap roek cutting white or gray limestones* This dike baa 
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now been traced Ibr a diatanoe of 5 miles from tihe meadows of the 

Judith River westward to the canyon of Y<^ Greek. Tlie entire known 
extent of the dike has been located as a lodo and aiargeniunber of 
claims have already been patented. 
The mines are sitnated In the oeoter of a broad and open basin 

inclosed un three sides bj' the Little Belt MouDtiiins, whoso wooded 
slopes show white limestone outcrops that look like banks of snow. To 
the east high foothill ridges shut in the basin from the open plains coun- 
try beyond. The Jodith River flows through the center of the basin, 
its three forks uniting at the base of the nutniirnin slop<^s tn rho v-cst 
The most northerly £ork is Yogo Greek, and from it the miuca take 
their name. The olalms are located on the bare bench land lying north 
of the main stream and east of Togo Creek. The surface lias a gen- 
eral easterly slope, having n descent of 800 feet from the brink of 
Yogo Canyon to the meadow laud of the Judith. 

Several dry drainage ways traverse the sapphire basin, onttinip gulches 
before they arc lost on the alluvial bottom lands. The general aspect of 
tilt' region is shown In PL LV. R rrtade ft-om a photograph taken at the 
mine settlement, looking westward up the largest of these gulches. In 
a general view the sapphire loeality shows rolling hitls vbose sammtts 
and slopes are formed by the bare and white surface of limestone. The 
intervening gullies are well grassed, and t!ie jrentle slopes show mi»t 
like growths of ground cedar. ()c4:nsional small gnivesof stunted pine 
are seen in a few plaees, bat the general lack of vegetation is in marked 
contrast to the wooded inonntains near by. 

The geologic stnictnre uf the basin consists of a broad, basin-like 
fold, opening eastward. It is a synclinal basin, lying between the sharp 
npUfts on the north and south. While the genml stmetnre Is thus 
quite simple, the massive limestones show many niinnr nnrlnlnttons, 
and it is largely to tbem that the present relief of the surtace is due, 
the soft, red earths tiiat overlay tlie limeattme having been carried olT 
from the greater part of tiie distxfet. As already stated, the gems are 
found in a dike of ifftieous rock cutting the limestones. This dike is 
recognizable upon the surface only by a slight depression, a foot or so 
deep, emphasized by grass and herbage where it crosses the slopes of 
hnre limestone. In the hollows and gnlclies the outcrop is recogniz- 
able only by the line of gopher and ba<lp:er holes which mark its extent. 
So solid outcroi>s of the dike rock occur, as it alters on weathering to 
a soft clayey material. This is why its course is marked by gopher 
heapiugs, since the adjacent limestone is too haml and uudeconiposed 
foT- these animals to burrow into. Tliese holes, indeed, proved the 
uieuns of locating the dike when the claims were staked, and many of 
die finest stones yet obtained were picked up fkom the heapings made 
by these animals. 

The dike has a general trend S. 56° W, It is from :'> to G feet 
wide, and, so far as shown by the workings, is vertical. It lias been 
traced east and west from the meadow lands of the Judith to the walls 
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of Yogo Canyou, whcro It appftreutly ends, as it is not seen in tlie 
linu'stono walls of that cauyOD, hnt n fpw yards west of the crest. It 
bas hmn found west of the creek bottom, however, at a lower eleva> 
tion, and, M shown btar, it is not seen in the ezposcm beeante it did 
not break quite so far through the limestones at this point. The dike 
wallfi are ronpli, but imt osi)P('iaUy irregnlar; they show tlio hoilded 
limestones slightly indurated by the intrusion. The dike inutvrial is 
aovaewhat variable In appearance. Hear the ■nrfiwe it ooneiste of a 
coarse breccia of limestone and shale fragments cemented by tlie i^nie- 
0U8 rocks. Wliere the upward termination of the dike is seen, at the 
westernmost workings, the top pari of the dike is a blunt wedge and 
the material cooeiBte ohleflj of these rook fragments, as shown in 

fig. 72. In thf main work- 
ings, 2 miles farther east 
and several boudred feet 
lower in eleyatlon, the ex* 
cavations show a similar 
breccia (PI. LXVII, ifj at 
fheBnrlhee,battheslze8nd 
number of the fragments 
(Ipfrease with the depth. 
Ttiit« is believed to be the 
iVagmeutal materitd from 
the liHsuro walls, which has 
ht en tloiitt'd upward as the 
molten rock rose in the fis- 
svre, like chips on the furfhee of a stream of water. 

The workings were in 1897 entirely in altered rock, the shaft being 
at that time only 60 feet d. t p. (IM. LXVII, .4.1 At this depth it had 
passed out of the zone of surface alteration, and the ooherous, yellow 
day was replaced by a bine elay whieh reminds one very maoh of the 
do?icription j^iven of flio Kimberley diamond matrix. Tliroughout this 
clay there are bowlders of the unaltered rnck, with kernels of solid 
material, which have been broken open and furnish specimeus for 
petrographie description. In the shaft the entire width is llw4 foet 
from wall to wall. Of this, ^.7 feet on the south wall was of solid 
mioette, checked with calcite seams, but otherwise comparatively 
fresh and analtered. The clay does not always bear the same relation 
to the walls, bat Jumps across fkom one side to the other. In the work- 
ings it is at onco spcn that tlio nppcr part of the dike is largely a broc- 
oia— that is, it consists of a mixture of dike material and the limestone 
fragments. It appears to be somewhat near the atwx of the dike. 
The questions naturally arise, how lar the relative abundance of those 
limestone fragments bavf inrtneticed the formation of the sapphires, 
and whether the sapphires wiU continue in depth or not. For this rea- 
son a very osiefhl examination was made of the shaft and of the bfaie 
day whieb was seen there. 




Fia. 72.— Scctiou of uppor lituil uf itappbln; licitritijf dikr, 
wall of Tofo Onir««. 
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Tbe writer was nnable to find any sappbir«a in the bine clay itself, 
but was asBiiMd that when wasbed tbe bine day yielded a &ir pro* 

portion of tbe geina. Tlirro srems rpasoii to believe that this blue clay 
will require a special ti-i'atmeut, iuasmuch as it is very teuaeioua and 
does not yield rea^lily to wdinary washing. In all probability it will 
have to be bandied aa the blue clay of Kimlx i li y is bundled for tbe 
extraction of diamonds. The gems in this bliio clay are said to be much 
fiuer than those iu tbe more altered material. This one cau readily 
bdleve, beeaoae the eapphiiee in the altered roek are ao checked and 
fissured that eveu when found iu place tiiey Split up into ehtpg of no 
value for cutting. In tbe blueclay tbe gems would not havt* Ikhmi sub- 
jected to tbe strains and processes incident to tbe decoin][>Oi»itiou and 
aKpansiou of the rock, and tbereibre ahonid yidd a very mnoh larger 
proportion of cuttable stones. 

At present the greatest amount of material is derive<l from an oi)en 
oat| some 40U or oOO feet in length, upon the highest part of tbe claims. 
Three windlasses are employed, and men aro at work with piek and 
shovel, dijrfriii^' tlic soft, yellow i^ntli and throwing; i( into shallow 
tnb», which arc hauled to tbesurface, where tbe earth is thrown into ordi- 
nary dump c!irts. It is then hauled about a quarter of a mile to the 
ditch and shoveled directly iuto'dfUoe boxes. In the slnJeea tbe harder 
bowlders and tlie balls of blue clay are carried through the rifflos and 
accumulate upon tbe tailing dumps. Probably not ovt-r 53 per cent 
of the gems are recovered in tliis first washing. By exiHMore to the 
atmosphere and by tbe frequent fre<.'/ing and thawing which takes 
place in this frosty cliniatt' tlu> hhic clay slacks and disintegrates, so 
(hat tbe material cau be washed over, with a further extraction of gems. 

At the time of the writer's visit some 20 loads, each approximating a 
tqoareyard of earth, gave between 1,L'00 and 1,500 carat.s of cuttable 
stones. The value of the stones in London market is $0 a carat for tbe 
tirst quaUty, $1.25 a carat for tbe second quality, and 2o cents a carat 
tor the gkisnings. The larger stones fi>and weigh, when ont, 4 to ff 
carats, and are then valued at ^75 a carat. 

In sluiciti^; the earth the process followed is similar to that of waslniifr 
gold-bearing gravels, but no mercury is used. Thegeuis drop between 
the riffles and are obtained at the doseof each day's work by taming off 
thewater and lifting the racks. This material frotn the riftle is then sifted 
and panned by band, to get rid of valueless tuaterials. The result is a 
concentration of tbe sapphires, together with grains of pyrite^froui which 
the gens most be picked by baud. This pyrite is the only other min- 
cr;il ftnind with tbe gems. It has been assayed for the writer and fonnd 
to contain a little nilver, copper, and nickel, but no gold. The pyrite is 
in moss-like aggregsitcs and not in well-shaped crystals. The clay con- 
tained a few he\i4;onal crystals, which had the form of oomndnm, bat 
consisted of some dt'conipositinn proilnctand f-hi d t)o trace of the orig- 
inal mineral. The shaft has been sunk to a depth of 30U feet, and con- 
oMefabla mnwea of oonindam are said to have been famoA al that depth. 
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A» alnadj iteted, In fke upper part of the dike die rook to largel7 
altered to • yellowish clay in which only the ftragmeuts of sedimentary 
took are recoe^nizable. At depths of 20 to 40 feet below the surface 
bowlders of the igneous rock are found. They are clearly nadeal 
masses not yet decomposed by snrfeoe wateie. In some plaeeeeon- 
siderable masses of the solid dike rock are also fonn<!, and every 
gradation may be observed, from the tongli arxl rf^istaut dark-gray 
dike rook to the soft yellow clay into which it liuiilly decomposes. 

TbB fteaheet material kae been oareftdly etndied md prorea to be a 

lauipropLyie rock. In tbe hand sptH'imcii it is dark pray, has an 
uneven, rough fracture, ami is eviileutiy a tough and heavy trap mrk. 
The rock shows namerontj augular inclosious of white or pale-grreeu 
eolor, whleh Tary in aise ficom theae of ndoroaoopie dimenaionB to 
masses a foot or moro across. Tlii» larpo iru-lusions consist i liioHy oitlinr 
of quarts or of crystalline calcite surrounded by a rim of iiaie-green 
pyroxene of small but variable width. Some of the smaller inclusions 
consist entirely of this green pyroxene* and it is also recognisable in 
tbe calcite center of the larger pieces. 

The dike rock itself is very dense, dark eolored, and glistens with 
the light reflected by innnnemble flakes of biottte, ot wUcb the rack 
is seemingly composed. Pyroxene is recognizable to the eye. Aftnr 
scattered tablets of bmwn mica — -tiie larprest seen a qnartor of an inch 
across — are tlie only pheuocrysts. The rock has been de^icribeil by 
Pioibssor Pinson,* and the results of Jiis nforoaco^e siindy are given 
in the following paper. Under the microscope the roek la seen to 
consist of biotite and pyroxene in closely crowded masses. There is no 
feldspar present, but a small amoautof interstitial kaolin-like material 
oecors. The rook is most like a rotca-pyrozcDe'aaaleite-basalt. 

The sapphires occur embedded in this rock in well-formed crystals 
and in ronnded manseR - i inch to J inch across. They were fomxl in 
the fr^best unaltered rock obtained, as well as in the altennl Utiom- 
poeed material. They show no connection with the ioelnded fragments 
and are always distinct and sharply defiiictl. Tbeir crystalline form is 
fully discussed by i'ratt,^ » summary of liis work being given in Pro- 
fessor Pirssou's report. 

Hie oocnrtence of the sapphires shows quite condndvely Aat they 

were formed in the dike rock itself. Their origin ; i flieved to be the 
result of the action of the molten igneons ruck ui>uti fi-agmetits of clay 
shale or impure limestone, taken up by the former in its ascent, as 
suggested by Pirsson. This implies the complete assimilstMNi and 
dipestinn of such materia! ;n the ifnieons rock. It is apparent from a 
Study of the sapphires theuti^elves that they orystalli/cd out of tbe 
rock, bat it is also evident that partial resorption took place bi^ore 
final consolidation, since nmuy of the sapphires show deeply corroded 
Bttriheea; others are nmnded masaes whose crystalline outUue is 
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wtaty dihoed, wldle mmj of timn are wnroiiiided by a blackish muL 

If the molten rock coald dissolve the .sa|>pliires at this stage, it is cer* 
tain it could dissolve clay ^!liale as well. The dike undoiilitr f!'\- exfeiids 
a considerable distouce lu clupth. The limestunes are 1,U00 feet ttaicic 
in this yidiutyy and rest upon nearly a thonsand feet of Gambrian 
shale. The Belt fonnatioa is believed to be absent, but the Oambriaa 
beds contain almost every possible variety of calcareous, siliceous, and 
argillaceous rocks. It U remarkable, however, that, though sapphires 
are fimtid thnmgliont the entire extent of this dike, they do not ooenr in 
the parallel dike of nearly similar rock that cuts the limestone 000 feet 
north of the sapplnn- claims, tu)r liave gems been foniid in the augite 
miuettes that occur dika^ and sheets in the shales of the Quadrant 
formation soatheast of the nines, along the border of the Judith Biver 
bottom land. 

A parallel dike about (>(M) feet north of the sapphire dike weathers 
to a sandy, uiieaceuus mHterial that probably represents the outcrop of 
a minette dike catting tbfough the Vmestonei. A few k wnels of partly 
altered rock were found wliere prospecting liad lieen done on the dike. 
The rock and it^ debris stiow no sapphires, although many cart loads 
of the dirt have been washed from different points along the outcrop* 
It seeips probable, howeTcr, that fliis dike is the soorce of the gold 
found in the placers, as the colors can be trac^ ap thegnhsbes to the 
outcrop of the dike aud never ocour beyond it. 

IRON ORBS OP THS UTTLB BBLT MOUNTAINS. 

Deposits of limonite and hematite are found at a number of localities 
in the Little Belt Mountuins, and the small amonnt of development 
work which has been doue thus far shows that tliey are of sufficient 
pnrity and extent to be workable and will some day be otDised in 
Montana furnaces. The material is very dense and liard. resisting ero- 
sion better tiian any of the rocks of the region, so that the Aoat from 
such deposits is often very noticeable in the drift aud gravels of the 
region. The oecnnenoe of the ores is noted by Eldridge» who says:' 

lu the .luditb Boain, at the southweatern edge of the map, there occurs, in addition 
to tiw etntifled raoka already mentioned, » narrow bait of gmnite, width aadetoT' 
nfai«U Moompsated 1>f a baad ofmagiMtie iron ore, tlio wlation* of whioh to the strati- 

fl( <! forks were, for various go«Hl ri>aw>i)M, Iffr ntuli'terinined. The ore is steel gray, 
stroitgly magnetie, oulees, as in fw iustaueeti, uxitosare to atmo«ipberio iiiflii«>ncRS 
has altered it to limanita. It outcrops in heavy maseee from one-half ton to 20 toua 
walfht, tbo oatotop vaiying in w i.l l:h from 2 ff-et to what would MMu Ikom tlM float 
to lie at loast IS f^t, though pt<rh >j>s tlun muy l>e too gnat a wldtb. Th* qneatfon 
of widtli Liuilil mil v 1>i' solved by systematic prospecting. The trend of the oro IxhI v 
is, as nearly as conld be determined, about nortii 70^ weot. In the vieini^ of the 
liMd «f Wolf Creek it waa traced by float for 9 mllaa, bat witii an latorrBiiingapaoa 
of a mile where it conld not be found, owing perhaps to a cover of soil and d(<bris. 
At one point on its course it was traced continuously for 3,000 feet. The guide who 
was with the party, and in whom ever; eonfidonce as to troth in this mattor can be 

■ Tvmth 0mm ef tlw CaHsil SUtes. Vet XV. p. 7>L 
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placed, states that he has traceil it troui l-i to 6 miloa rnrther to the westward, or mid- 
wagr between the head of Wolf Creek aud the Berket nuaing divtviot, eeen on the 
geneiral maixi of the AnT\-ay. MaKtietio Ifon ore it alto reported on good enthortty 
in the BarktT ininiiiv; <!i>triL't itself. 

The onlj other points at wbioh iioa ore was observed on the border of the Judith 
HihIii wen io the Jadlth UoimteiiMy north «f the Maiden mintakf tmiapf where I* 
alno found li limited amount of maipiotif: iron ore, together with a maiw of hug ore 
(lunonita), resalting from the breakiUK down of the magoetlte, which occurs higher 
up on the moonfetliia. 

The locality mentioned by Eldridge is iiiidoubtodly Woodhurst M<mn> 
tain, and tlie fontart referred to is that of the Woodlinrst stock. 

I'rom the general study made of the region it in evident that uo gen- 
«ral l«ad eztrads mmms the monntainB, but that lenticnlar bodies of 
ore occur at the contact.-* of tnany of the masses of igne<m.s rock. They 
were observed on Woo<i burst Mountain, on iron ('reek, on a t>raneh of 
Liou Gnlcb, at a point uortb of Yogo, ou tbe mountain top above that 
place, and on Ibuidar Mountain. Iron-bro float vaa obsMired at 
other localities, and there seems little reason to doubt that it u of 
common occurrence about most of tbe larger igneous intrnstons. 

Woodkwnt iron flt{it«.— The Woodbunt Mountain depoftita have, so far 
as known, been pro.sp<>rted at only one place. The^e workings are on 
tbe southeastern liiiiik of the nionntnin, at the head of a small drainage 
tributary to Galena Fork of Buuuiug Wolf Greek. The locality, though 
remote from a railroad, oonld be made readily acoeieible by wagon road. 
The depoeit baH been oiiened by surface onts, exposing a contiiiuoue 
muss of hematite in a trench 40 feet long, cut at right angles to the 
contact and hence across the leus. The deposit lies at the base of a 
projecting tongae or ofhboot of tbe porphyry body of Woodhnrst 
Mountain, and is clearly a contact deposit. The iwrphyry is some- 
wliat altered and rotted, Imt the Carboniferous limestones show only 
slight alteration. The cliviui.s are t>(M> feel above the forks of iiuuning 
Wolf Creek. An analysis of the ore, made by Dr. W. F. Hillebrand 
in the laboratory of the United States Geological Survey, gave l">i<)j, 
8.'1.7 per cent; FeO, 6.4 i>er cent; Mu, none: TifV,, none: 1' O , tnine. 
The remainder is mostly silica. The ore it« sUuugly uiaguetic, and is 
evidiaitly a mixture of magnetite, hematite, and the hydrated oxtdee 
of inn}. 

Iron Creek or Lion Gulch. — These deposits were not examined, but 
tbe character and amount of ore seen in the gulch warrants an exami< 
nation of tbe locality. 

Togo tlepfixHn. — A lens of quite jmrc hematite 2i f«»et thick was 
observed on the ffloontaia ridge east of the head of Skunk Creek, near 
Yogo. The deposit ooonrs at the contact between limeetonee and a 
dark-colored, coarsely granular rock (shonkinite). 

Thunder Mounto in iron mines. — On the north side of Thnnder Moun- 
tain, al the head of Iron Creek and at an altitude of 0,000 feet, tbe con- 
tact iietweeu the porphyry and Mdimentary rocka is marked by oontaot 
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leosM of iroo cce. The aedimentary rocks are locally baked and meta- 
morpbosed, the 8oft micaceous Oambriau shales beiuj; cban^^ed to hard, 
tliDty boniBtoiiea. The iron oro is, in part at least, a repiacemeut of 
tlwwioeksandoaQiirt belweeo them mH the granite-i>orpbyry. llieoffe 
i« ill leoies varying from a few Itoet to 20 feet iu thicknesi^, whose lateral 
cxtfut 18 not exi>o9ed by outcrops or by the artificial opoiiingrs thus far 
made. Tlie ore i» at preseut exposed iu an open cut, and the quautity 
appears to warrant mining if Iheve ebenld ariee a demaod tor Roeb orea, 
aince the on; ( ould he easily fnuui)orted, by HOtnagravilgr ayatem, to the 
railroad. Aualyses of the ore, nirule for ttie owners aud published iu 
the Neihart Herald, show FotOa, 76.90 per cent; FeO, U.U7 per ceut; 
Mn, 0.03 per oent; BiOn SJ60 per cent; AlJOa, 0.74 per oeiit; 8| 0.08 per 
<M iit; HjO, 13.3C per ceut. 

From the aiialysos it would appear that the ore is a fairly pure limou- 
ite mixed with a little quartz j but the ore is magneUo, aud hence must 
be a raiztoie of magnettto wltli Unonito derived front it. Openings 
along the contact ou the soutlifni side uf the mountain alao ahowad 
iron ore% bub their existence was not determined. 
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PETROGMPHT OF THE IGNEOUS ROOKS OF THE 
UTTLE BELT MOUNTAINS, MONTANA. 



By L. T. PiBBSon. 



CHAPTER r. 

LimtODUCTIOX. 

PRBPATORY REMARKS. 

The present work embraros n sonioxvhat detailed description of the 
pettograpby of ilie regiou ot the Little Belt Monutaius. Altliough a 
eonsiderable portion of tbe rooks an damiflfid nnder itmple and well- 
known ty])eH, or present but slight divergences from tbem, it has been 
deemed lieft to g\ve a rntlur fnll nrcnnnt of tlit iii and firrompany it 
with aiisUyses, since the area is a mining regiou which is growing in 
iraportaooe, and a detailed description of tiie igneooa rocka, with whiefa 
moKt of the niidiig IndQaaiee stand in eloM retatkmsbipv will be of looat 
service. 

It is also thought that, since even these well-known types of ro(;ks, 
tnch as granite-porphyry, syenite- porphyry, eto^ are not devoid of 
certain regional characteristics and individual peoaliaritieS) their 
description will be of interest to the petrographer. 

The greiiter part of the occurrences here described have been visited 
and collected from by tlie writer while in oompany with Mr. W. H. 
Weeil. fliruug'h whose kindness and cooperation he was enable<l to 
enter the Beld duriiij? the prfi-jreas of the areal mapping of the region, 
by Mr. Weed, for the United States Geological Survey. 

Ib thia portion of the work only aneh details of deeoriptive ideology 
will he jjiveii as will enable the reader to locate tlie types ilesci il)ed 
and refer them to liieii piofter places iu the d^riptive geology by Mr. 
Weed in the foregoing pa^'es. 

CLASSIKiCA riON. 

-In regard to this vexed subject, it 1ih.s seemetl best to divide the ty])es 
to be oonaidercd primarily into four groups: a, the grmnUarnonporphy- 
riUo roeikt, whieh are here of plntonie origin and whiefa mainly ibrm 
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intruded sto<-.ks, but in a few cases arf tonrid as dikes; ft, the acid /eld- 
xpathic porphyries, wbicb are usaaliy h|; lit- colored rocks comi)Osing the 
Inoooliths of the region and a considerable portion of the dikes and 
sbtiets, and with which are incIniU-*! scvcimI dense tj'pes wliich lack 
phenoci-ysts and may be considered m imperfectly developed j>(iri)liy- 
ries; o, the lamprophyrcs, or diirk-colored basic rocks, composed mainly 
of feiToniagneelan miMrato, and fimnd only in dikee and sheets, nsnally 
of nither small dimciisinn-^: and f1. rfiisiri rorl-ti, or lavaHows^ vhidlill 
this ai-ea are restricted t(» two occurrences of basalt. 

In the uomenolatare no regard has been paid to the fast-dying and 
nearly obsolete qnaUfleatlon of geologic age; thus, rhffolite has been 
used irrespective of the ccuisulerntion whether the rock so called is of 
Tertiary or of pre-Cambriau age. The term porphyry has been used 
simply as one of straetnre, not as the name of a kind of rock, and 
hence is used as a suffix to any of the names of the rm:k familii s. as, 
for instance, dioritp porpkitrii in jjlace of diorite i)orph\ rite Tliis is 
uieit^ly restoring the word to its earlier, more logical, aud correct usage, 
and is in fidl accord with the best and prevalent Amerioan praotice.* 

Ill the Itrit group of granular rocks are found representatlTSS Of the 
syeniteH, monzoniteJt, dioritrs, and sh<iiikinites ; in the second prrouit are 
various representatives of the yranite, aymiUi, aud dhrite tamihes in 
the form of porphyries and densely textured rooks; in the third group, 
that of the lamprophyres, we tiiul minettes, vogexite», and atialmte- 
hamUjf of various types, witli transilion il forms as Veil; while in the 
last group there is unly r.i>]\in]o\i h liLspn r-h'i.s<ilt. 



■)iM<I.U.Uiin>'B M&aual of UlueritluKj' mud Pctrograpb;, lA37,j>.i41. 




OHAPTfiB II. 
THE ORAinrLAR ROCKS. 

From the staudpoint of general geology the grauular rocks are by uo 
means lo iiii]M)rtaiit in tlife dlitrkit m we tbe porpliyritic. The most 
notable occurrence is that of the Pinto diorite of Neihart. Tn ;id(li- 
tion, tbe list of occurrences inclades tbe syenites of Barker and Belt 
C^«di, the eniilctte-eyenfte oi Otter Greek, and tiie stock of Yeigo Peak, 
wbich is differentiated into variooe rook varietiee, snob as eyenite^ 
noiuonitef and ehookinite. 

BARKER SYRNITR. 

The syenite \\ hich forms the intruded mass north of Barker has sev- 
eral mines located upon its contact, like the Wright and Edwards, 
Barker, etc, from tbe dump heaps ot which most excellent f^esb mate- 
tial ean be obtained. The rook is of a gray color, of moderately floe 
grain, with occasional large feldspars, half an inch or so long, wbkdi axe 
pheiiocrystic in character. It is thickly dotted with small aiihedrons 
of a black feiTomagnesian mineral, and is locally termed "granite." 

Under the mierosoope the minerals of a typieal syenite nre dissloBed, . 
viz, iron ori-. linmbkude, pyroxi iie, apatite, alkali feldspars, a little 
oligoclase, and a little qnartz. The iron ore and apatite are of the char- 
acter usual in rocks of this class. Tbe hornblende is mostly of a stringy, 
flbrona eharaoter, and pbiinly panunorphic after the pyroxene with 
which it is connccteti: but in some specimens, snrli as those from tbe 
Wrigbt and Edwards mine, the hornblende is idiomorpbic, compact, 
and of the nsoal olive green pleoebrolc character seen in many syenites 
and dioritea, and must here 1)0 regarded as primary. The pyroxene, 
which has been mostly changed to 'Mn itVilciidc. is ii pale preen ish diop- 
side of a wide extinction angle. The feldspars are of greater interest; 
they consist mainly of alkali kinds wluoh have no good outlines but 
always have a tendency to a broad tabnlar habit. They soda- 
beariii},' oi thochises, and in them the section perpendicuhirton exhibits 
2E varying from 40'=' to SO*^', witb extinction parallel to the very good 
ideavage linea which show the trace of 001 on the section. In sections 
perpendiealar to c— that is, nearly parallel to 010— the extinction is 9^^ 
pins, as measured from the cleavage of 001, tbe direction of the vertical 
axis and tbe orientation of tbe angle being shown by inclusions and 
a parting pandlel to m (110). lliese soda ortiioolaaes contain inter- 
laminated pertbite bands of albite; they also occasionally contain small 
cores of olipfoclase; the inclnded plagioclase may, indeed, be an acid 
audesiue, as showu by Becke's method. Albite may be present in iude- 
20 cmoii, PT 3 80 465 
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pendent crystals and also oligoolase, as shown in some cases by the 
•iinQltiuie<m8 lUnoilnatioii of sectkms io the zone iierpendioalaxtoOlO 
of excellent Carlsbad twins with thetr albite lameUse, while OtllOroryS- 
tt^B are those of oligoclase. The amount of plagioclase present is 
always small in comparison with the alkali feldspar. Of the 4)iiartz, a 
imall quantity is seen, mostly intentitinl, the lart product of ocyatal* 
lizatiim. tliongh sometimes in more or less small roondod anbedrona 
inclosed in the ontcr bfuindary of th<> fV'Id'^par. 

The steuoture of the roclc is purely granitoid, though the occasional 
larger ortbodaaeB give it Mmetiiiies ft alight tendenqy to a porfAyritio 
structure. The dMuieal oompoaition is ahown in the foUowing table of 
aualyaea: 



CMUtllOMk 



n. 



nx. 



IV. 



VI. 



810, 64.64 

16.27 
2.42 
l.» 
1.27 
3.fi6 
4.S9 
4.96 
.» 
.17 
.91 
.87 



i.1,0, 

Fe,0, 

VsO 

W 

CsO 

NM> 



H,0 at U(P 

H«0 above U(F.... 

TlOi 

PtO» 

ZrO, I 

SO» 1 I'race. 



65.43 
16. U 
1.15 

s.aB 

.40 
1.49 

.19 
.88 
.CO 
.IS 

.11 



65.54 
17.83 
.74 
1.15 
.98 
1.83 
5.80 
5.58 

^ .54 

.11 



68.34 
15.32 
1.90 

.84 

.54 

.93 
5.48 
5^81 

.16 

.30 J 

.81 

.18 



I 



58.78 
16.86 
3.06 
8»7» 
.60 
8.96 
5.88 
6. 01 

1.58 
t 



1.077 
.158 
.015 



.031 
.047 
.010 



CO.. 
Fl .. 
CI .. 



.87 



06 

MaO j Tkaes. 

! .18 

: .08 



BaO. 
SrO. 
LM> 



Total 

oxygen (O). 



100.12 
.08 



loaio 







Trace. 




.07 

.08 
.06 
.8b 

.03 












.75 












.04 
.07 

.08 
.04 
Ban*. 




Traoa. 

Undet. 
Tiaee. 


.14 

r 
1 



















100.18 
.04 


88. « 


88.96 
















100.14 



















]. Symito (Ko. 638), Wri^t and Edwards nine, Bwker, MonUa*. W. F. Hllle- 

linind, analytt. 

n, S.VPuite, Moant .\8cntney, \'< rmi)nt. .l.tRprir miuI l):ily, Seo Hull 1'. .S. Geol. 
Sunref No. 14^ by Clarke and HtUebrund, p. 68. W. F. Hillebrand, analyst. 
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III. Sjenite, Higbwood Poak, Hi|tbwoo<l MoiintainH, MontanK. L. V. Plnwon and 

W. F. Mitehdl, analytta. 

IV. Sj«nit«, Hi»ad of It«aver Craek, Bearpaw Monntaiiia, Ifontan*. Wee<l and 

PirsMtn : Am; Jour. Soi., 4th leriaa, VoL 1, 1896, p. S54. R. N. Moloa, analyst. 
T. Syenite, Blae MountaiuK, ( oioriwlA. W. CvOMt FVM. ColiOnd* M. Bo«., ISn; 

p. 340. L. O. B»kia% aoalyat. 
TL MolMnlu ntiM ot No. L 

ThisMMlysift i« quite typical fbra syenite, inreHpect1ot]iehigfasOi<»» 
alamiiia^ alkalies and low lime, magnMia, and iron. The silica is 
toward cbenpper limit of the syenite {irronp, vorfrinffon the irranites, and 
this explains the amount of qaarCz which is present. Since the quartz, 
bowever, is anall and entirely nderoeoople, it ftpfwttn beat to elaeaiiy 
the rock as a syenite rather than a granite. For sake of comparisoDf 
the analyses of some other qunrtznse syenites, mostly ot wostcrri occur- 
rences, are given. The silicia in No. IV is very high, runuitig into the 
granite fExoap^ Imt this is beennse the voeic is almost puxe Uddqiwr; tlie 

actual auinniit <>f iiuartz prene'iit is Vfiy small. 

From the moleiMiiar ratios given in No. Vi we may calculate the 
percentage of minerals present. In the specimen analyzed the only 
dfttk uinenls present aw inm ere and hemiblendeu We mtf essunie 
that all of tho ahimina is in the feldspar, all tlic t'r rric oxide in mag- 
netite; then the excess of alumina over alkalies demands an equivalent 
of lime to form snorthlte. Thus the excess of lime over the anorthite, 
the excess of ferrous oxide over the magnetite, and the magnesia are the 
ekroeuts fimning the hemblendei end they ere present in the »tio 

On : HgO, FeO :: 0.01S : 0.038»il : 8.1, 

▼hile the theory for Iioniblende, Oa (MgFeh (S10,)«,demini<ls I : n. 

This result is remarkably close and is another pr<x>f of the marvelous 
accuracy of Uillebraud's analyses. These results show that the rock 
has the following mineral obmpoeltton, in parts by weight: 

Per COBt. 



Magnetite 3.6 

Hornblende, 5.8 

loorthlle lft.0 

Albito S7.4 

Orthooliwe 80.1 

Quartz 13.* 



Total 100.0 



if all the aibite auU Huurlljite were combined to form plagioclase, the 
TCsnlting fUdspar would be nn oUgodasey Ab|«t Ann, or exaotly Abi Ani. 

The mi< roscope shows, however, that tho average plafriocl asp present is 
not so rich in soda, but approximates to Ab, Aoi, and this permits of 
the presence of the aibite molecule in the soda orthoclaoe and iu the 
mlexoperthite intergrowths.' 

•Tht ilbltt tUctika ai* thuataatatoaUy dtrlM, and Oa fMla«f plagiwlaM t« alkali M««p«r 
laabaatTtlt «Ualiali*inaqnattawfii«tm0AthaaiauMSI»|RMrofBi*MW. 
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From the forei^uiug results wu cau caloalate -appruximately the chem* 
teatoompfMitiQiiof fbe lionibleiide piwenli, and find it to be u fbUawi: 



8iO« 0aul 

FW> 9.8 

MjfO 23.3 

C»<> 12.3 



Tofnl 100.0 



This in fact, the ordinary cotairasitiuii oi a coiumou hornbleodey 
though perhaps a little rieher in iron than nsnal. 

lu making these c-alcnlntions the minute amount of lime necessary 
to turn phosphoric acid into apatite, of ferrous iron l)eloii}i:ing in ilni'Miito, 
and of the barium and strontium in the A'ldspai-, have not been tuKen into 
aoooant; poesibly if th^ liad been the tetnlts irookl be a trifle mora 
aocnrate. 

AUGITE-SYENITK OF BELT CREEK. 

This oiunirs as a thick intrasive sheet, reaching l(Kt feet in iliicknesa 
in places in the Oambrian beds on Belt Creek, and extending from 3 to 
6 miles above its junction with the Dry Fork. It has been previonsly 

mentioned by Lindpn n ' in his two pnhlirations on this repion, and a 
brief description of it given. The collection of new and more varied 
material has added moch of interest to the original study, and the whole 
is herewith given in fnll. 

The rock is of a medium fine grain, ami in color of a grayish tone 
with light-piuk s^jots. The general gray tone is due to the feldspar 
• granules beingtbickly sprinkled with exceedingly minnte dots of aftm- ' 
magnesian mineral, to b<^ Keen only with a powerfhl lens. In these 
grayish feUlsprirs are scattered many tablets orhtotitc, while ocra'^ioiial 
t^uite large formless iuclusious or pheuocrysUs ot a pink alkali t'eldsi>ar 
are seen. A few inolnded quartz grains with greenish mantle were 
uot<Hl. The rock also contains some inclusions, as large as one's finger, 
of anotlict- rock, wiiich appears to be a niinctte, with micaceous 
grouudmass and pheuocrysts of biotite. The rock surface exbibite 
many sniall mlaroUtie cavities studded with pntfeeting feldspars of 
jionrly dcvt'Iojiffl crystnl form. Tlie iiiicroscopo flL^cIoses in thesoction 
the following minerals: Iron ore, titouite, apatite, diopside, biotitOi 
alkali feldspar, and qnartK. 

The iron ore and apatite are of the usual character; the titauitoisnot 
very common atirl is in small, well-formed crystals. The pyroxene, 
which is of a clear, very pale-yellow green, has an extinction aTiple of 
about 45^, and is of diopside chacaoter. It occurs rather sparingly in 
gOOdoSized crystiils 1 or li mm. iu^ross. hut also in great (puuttities of 
very snr.ill, well fornuMl, sleiuler prisms wliich iiie tlii^ kly RcMtered 
through the feld.spars, lh*i luttei including ihem in a poikilitic uiaauer. 

•Twill CmmmoT Um UniMd MMm, VoL XV. p. VU; I>nMs. CaUltaml* AmA. SM, B«t, U tmkf, 
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The biotite also occurs iu the same muuner, »ud in in crystals of two 
Bins, th« amaUer embedded in the feldspar, but it ie nnteh leas in 

aiuoaut than the din]isi(le. The fclrlspar, wliicli the chief constituent, 
has a short, thick, tabular habit, giving square or rectanj,Milar cro«s 
sectiuuti; iu a section parallel to b (010) and perpendicular to c the 
eztinetioii ialOosiKftem thetraeeof 001, end heaee the Mdspar Is a 
soda orthoclasf; and this j;; also shown by ita marbled, patchy, moir6 
appearsuice between cro8Med niools with high powers. Moreover, there 
being but one variety present, it wonld naturally be rich in soda. Tbe 
ayerage size ef feldBpar grain is between 1 and 2 mm. In some of tito 
anijulnr intcrsparps between the fi'Msj)iirs is a little qoartl| Of <|iUiEtB 
and leldspar in uucrographic intergrowths. 

The striking Ibatnie of tliis tocIe is the smali angite prisms embedded 
in the Aldspar. The large occasional pink feldspars are quite free 
from them, and must thercfm c !»•' an earlier product. Tlic roclc is thus 
an augite-mica-syeuite verging on the syenite-porphyries. 

A spedmen eidleeted atanother ontcrop of the sheet shows a sliglitly 
different character* There is more mica present, titauite is wanting, 
and the feldspars are smalU-r atid tend more to r lath-like form. This 
variety agrees more closely witli the description of Lindgren, and is 
nndonbtedly the variety examined by him. He refers it to the mica- 
syenites or minettes, stating that it has a tendency to the augite- 
syenites. In his second article it is referred to the angite-STenitsSi 
where it clearly belongs. 

ANALCITE- NEPHELTTE-4 SYENITE. 

Bocks of the nephelite-syenite group, or those composed chieily of 
alkali feldspars in combination with a feldspathuid mineral of which 
nephelite may be taken as the lype^ are rare iu the Little Belt Hoon- 
tnins, only one ooeonenee being known, whieh maybeielbned to nnder 
.this heading. 

The nek ftwins an intmsive mass on the west side of upper Otter 
Greek, about 6 miles north of Barker. It is first mentioned and 
described by T/mdgren,' who gives some brief petrographic data con- 
cerning it. Some additional details are given in a later publication.* 
The following aeooont supplements that given by Lindgren: 

It is rather fine grained and of a light-gray color, due to a mln^ding 
of the white feldsputhic material with innnmerable small, slender foils 
of biotite, which lie pointed in every direction and produce a markedly 
speekled appearance. In the wt^-rimmn these Ibfls of biotite attain the 
length of half an inch, bat their thickness is not over one- twentieth of 
this, and commonly they appear not over an eighth to a quarter of an 
inch lung. They are not the edges of thin tables of biotite that are seen 
on end, bat aetnally have this enrions rod-like development) and appear 
at first sight maeh like slender hornblende prisms. Among these gUt- 

'li utli C-ii^u. ■.! iljf I'lilti-il siuiM, Vol. XV, p. 72a. 

• Proc. CAltlortUik And. Nut. Sci., ad •eric*. Vri. JIl. p. 4S. 
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taring biotitea aro rouudkh tleokH ut dull greeuish black, which are dm 
to small, stoat prisms of pyroxene. The ftTerage sbe of grain nod 
texture is similar to that of an ordinary {^'anitic aplite. To these detailn 
the lens adds little beyoud sltowing that the feldspars IiAve » j^io- 
noaaced thiu tabular habit. 

In fhin seetion tlie microeoope disoloaea the Ibllowfng minerals: Iron 
ore, apatite, pyroxene, biotitc, muscovite, alkali feldspars, nephelite (f ), 
and analcite, irhile a little oalcite and aerpeutiue are olearly aeoondaiy 
products. 

Iron ore oooaeioiially ooeure in rather large soattered anbedrons. The 

apatite in its osnal prisms is closely associated with tho iron ore and 
I>yro\eiic. The pyroxene is moderately abundant in thick, tshort pris- 
uiuid8. 1 1 hasaclear, palegray-green color, and exhibits in placcsa faiuUy 
perceptible pleoehioitm in tones of the sameeolor. Its extinction angle 
on 010 is about ■15'^. It is clearly « niembpr of the diopsido family. In 
places along the cleavagen and cracks it is altering into a yellowish, 
fibrous, serpontiue'like product. 

The blotite has • Strang pleochroism vatylng between a dark red- 
broTrn color ami :i vfryi^nle yellow, almost colorless. Its most marked 
feature is the development into long, slender foils. It is strikingly 
fdlomur pli ic and ftee ftom inelnsions. 

The feldspars appear to be wholly made up of alkali varieties. la 
some of tlie?ii interior cores remain which are clear, homogeneous, and 
unaltered, and which seem to be of soda urthoolase. (ienerallyi how- 
ever, the Mdspars are more or less fleolced and nraddy. Thegr eontaiu 
oocaaional strips of muscovite, and more especially small bays and 
areas of a colorless isotropic mineral of low relief, which, as will be 
presently shown, is undoubtedly analcite. Generally between crossed 
nieols the feldspars show the mottled look eharaoteriatte of soda wtho* 
elases which are being altered. Small areas and occasional laths show 
the albite twinning, and are doe to albite. The feldspars have a pro- 
nounced lath sha^w, giving the section a broadly trachytoid appearance. 

In the intentioes between theftldapars is aeolorleaa isotropic mineral 
of very low relief, which is analcite. There is ci insidcrablc of it present. 
That it is analcite is shown by the fact that if the powdered rock is 
boiled with exti-emely dilute acid the resulting solution when filtered 
and evaporated yields gelatinons siUca abundantly. This shows the 
mineral is not lencite. The flltrnto wlicn tc-^fcl v-tth silver nitrate 
yields but the faintest perceptible trace of uiiluriuu and none of sol* 
phates, which excludes sodalite and noseau. On application of beat 
in a closed tnbe the rook powder yields water readily and abundantly 
far below redness. These tests show a considerable amount of analcite 
preseut in the look. In hm earlier pubhcatiou Lindgren wasineliued 
to believe that this analdte was glass, and believing the roelc to be of 
younger age he placed it among the tnushytes, but in bis later wodt 
be rfCO[;ni/ed that it might be a mineral of isometric oharaoteTf psrhapa 
sodalite, and classilied the rock as an augite-syenite. 
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A little calcite aud luuticovitti are present m s«HX)udary aileralioa 
products. It seems pgrobsble that tlie analeite is also wboUy, or at 

least in great part, sficondary, probahly after neplielife or sorlalite in 
the angular interspaces, and partly atter tbe aibite muieeule in the 
feldspars. The rock is thus somewhat changed along the line of zoolitio 
alteratioii. 

Whether \re aRsnme the analeite Riling the angular interspaces to be 
eeoondary or original, the lock in any case belongs in the uephelite* 
syenite group. If ws sRSnme Ast it Is seoondsiy after DepheUte, as 
seems SMStprobslblef the rock is to be classed as a miascite. The pres* 
enro some nephelite in the loek ooold not be dtreotly proved, bat it 
is Himpected from the seotion. 

TBB ROCKS OF TOOO FKAK. 

The roek mass nf Togo Peak and the difTertMit rock varfetics into 
which it is diU'ereutiated have already been described by Mr. Weed 
aud the writer.' In that article only brief petrographic details were 
given, snffldeilt to make dear tlie discussion of the analyses and the 
facts bearinpf on tlieorcti!' pftrM<_rriiy>)ty. v.-liich rnTi: prised its essential 
features. It is here proposed to treat these typeH in more detail, 
espedaUy those points wUoh are of interest to petrof^raphers. TIw 
diseossion of the facts from a standpoint of theoretic petrography is 
deferred until the latter part of this •ft ork. F't rletails "f di Hcriptive 
geology the reader is referred to the description by Mr. V\ eed in the 
fltst pOTtkm «f tills work. 

SYKNITK OF YOOO PKAIT. 

That portion of the Togo I'eak stock whioli may be most properly 
elassifled as a syenite oomprises ttie esstem shoulder of the elevated 

mass. The rock has a ])laty parting which caoseait to split readily, 
making the joint blocks u lV>r»t or so long. They are very bnr i and 
tough, aud specimens are broken olT witti diiiiculty. The rock is un- 
altered, fk«sh, and very suitable Ibr study and analysis. 

On a freshly fractnred surface the rock appears evenly granular, of 
moderately fine ain, ami is compa^-t In dmra<^ter and with few miaro- 
litic caviti^. The color is a medium gray, with a x>inkish tone. An 
ffloBtratkm of it is shown ia PL LXX, A. BxamiDed with the lens, it is 
seen to be chiefly composed of light-eo1<»ed feldspar, dotted with smnliy 
dark, formless spots of green pyroxene or hornblcnfle. 

The microscope shows the following minerals to be present: Apatite, 
titanite, iron ore, pyroxene, hornblende, biotite, orthoclase^ oUgodase^ 
and quart/. The apatite and titanite are of the usual characters 
common to such rocks. The iron ore is not abundant and oocnrs in 
small grains of about 1 mm. in diameter. The pyroxene is a very 
pale green diopdde, and Is mnoh oraoked and broken up. Frequently 

^AM.J«at. SoL, M MiM, Yti. U IM, > MI. ^ 
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it api)eai« like » bmndld of rods. It to ramly akme, generally oeea?* 
ting in oommoa with a browiiish greea hornblende. The two min- 
erals are very fretjaently found to<;eth(>r in stout, ill-ahaped crystals 
iroiu 1 to 2 mm. long, the pyroxene forming a core soiroanded by the 
Iiornblende. In raeh enaes the amonnt of pyroxene to invenely pnv 
portional tu that of the hornblende. The appearance and asjsociatton 
of these two minerals indicate that the ]iom blende is paramorphic after 
the pyroxene. The latter rarely occurs alone, while the hornblende 
fteqnentlydoee. Biotite to van, and ooenn only na oeoaatonal brown 
pleochroic shreda. 

Orthoclase is thepreiloraiimtit feldspar, ocrnrring'in irregular masses, 
A smaller quantity of plagiocIaKc ia also present, the optical characters 
of whicb pfOTe it to be oligoelam. It to more idiomorphie than the 
orthoclase, frequently or even commonly occurring in rather rectan- 
gular elongated laths, and ia often surroiindp<l by a niarttle of ortho- 
clase. A small amount of interstitial quurtit complutoM the li^t of 
mmamls. 

Til strui tiim tht- locli is hypidiomor])hir, but only partly so, as the 
pyroxene and hornblende are themselves rather ill formed and irregu- 
lar, and the tendency is toward an allotriomorphic structure. The avor- 
afe aiae of grain to about 1 mm. 

The analysis given in No. T of the following table shows the chemical 
oompo«itton, which is that of a syenite with rather high lime, iron, and 
magneaia for a xock of that group. The mineral and ehemical <diairao> 
ter ahow it to have a somewhat dioritio tendency, and inlbetittodoaely 
related to the monzonito group, in which the feldspars arr Piiunl; that 
ia, ap()roximately the plagioclasc equals the orthoclase. It is very 
doaely related to eertaiaof the ayenitea which hayebeen called akeritea, 
as the analyatoof one 4^ them tends to show. Moreover, the desorip- 
tioii of those akprites a« given by Briigger,' with their rectanpalar 
zonal feldspars, applie^i closely to this rook. Ou the other hand, ita 
relation to certain roeka which liaTe been yarioosly placed, aometiinea 
among the syenites, sometimes among the diorites, is 8hou-ii by the 
cI(Me agreement with the analysis of the rock from the Hodritsch Valo 
near Schemuitz. All these types clearly belong in a group by them- 
adTca, and, following the propoaal of Brligger,' l^ey may well be con- 
Hitk-rcd ail iiitormodiate group between the norma! .syenites and diorites 
and be called banatitenj alter the old name used by Von Ootta. Thus the 
rock of Yogo Peak, although here culled a syenite, as under a broad 
gronping acawtUng to present ideaa of loek elaaaiiloatioa it would 
uudonbtedly be called, wonld for petro^fraphic puriMses be bettor 
designi;ted a banatite. Its coiiuectiun with the monzoniteof Yogo 
Peak, as part of a Kiugle gt;t>Iugic mass, is extremely interesting, as it 
shows, as exhibited by natnre itself, that grouping and oonneotfon which 
Brfigger haa anggaated on theoretic gnmnda. 

< Hjrniliw-cinatitgiiov:!' iW auilnorwnuiwtlirn : Groth'it Kiy«l.,ToLXTI,Pktt. 
'TriadlKlMO ErupUoMfulKr> bei I'TinIuzio, p. flO. 
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CoUtitMBU 



811lM(8IOt) 

Alumina (Al-O^) 

Ferric iron (F«(Os) , 

Feirona iron (F>0) 

Magneain (MgO).. ... 

lame ff'iiOi 

8oda (Na;0) 

PotMb (K«0) 

Waler(H;()) at 110- 

Water (II/>i above IIC^ . 
TiUnlo oxide (TiOO .... 
Chnoiia oatMe (CrjOk) .. 
MaoganMw oxide (MdO) . 

Uarjirta (UaO) 

Stnmkl* (SrO) 

Cb)oriiw(Cl) 

Pho«i»horii: ac.ul (P|0») « 
bulpliam- aeid (60») .... 

OulNiiie Mid (COi) 

LI«lii»(LljO) 

Total 



I. 



61.85 

15.07 
2.08 

3.67 
4.fil 

4.a5 
4.80 
.26 
.41 
.56 
Tnoe. 
.09 
.27 
.10 



IX. 



8e.M 

17.60 
2.90 
S.88 

1.87 
.1.07 

4.40 

1.87 

1.22 
X-^44 
.08 
(») 
(») 



m. 


IV. 


SLTS ^ 1.087 


17.46 


.14.". 


1 8.M 


1 .013 


1 .081 




.068 


4. r>2 


.082 


a. 12 


.070 


8.86 


.048 


1.16 




(t) 




-V.;- 








<•> 1 



Trace. 
100.15 



101.32 100.08 



L 



I. 8fenit<s Yogo Pmk, UM» Belt MouoUtn, UmUv*. W. F. HWebnod, 

analyst. 

IL 8yeiiite, akerit«typ«, VettekolleD, South Norwajr. H.O.Laiigt Kj|]|«y.lbr 
Nat., vol. 90, p. 40. P. JaawMcb, Malyat. 

III. S.veuitit, aiorlte, banatlte, HodTttaelk Tdft iMir aAManltK. K. R. von Hhws 

Verhaudl K. R«icbBau8talt, Wiaii, 1867| p» 88, 

IV. MolfwiUar proportion* of No. I. 

By asHaiiii!i<x thutall tbe alumina Ih in feldspar, and takiug the eqnlT* 
alent of soda, putash, and liino ff)r it, and then assigning sufficient 
ferrous iron to convert the lerrtc iron into nui^ietite, we may calculate 
fhe minwa] oompooittoii with nrther eIow» approiiinHtfon to tnitli; fbr 
tbe remainitijr lime, iron, and uagne^^ia are to bi- divided between 
pyroxene and hornblende, which is readily douOi while the exceao of 
silica represents the quartz. This gives: 

TcroaaS. 

MaCBitita 8.1 

Pyro xm a.... 8.4 

Hornhloiido 18.8 

Anorthlte 7.6 

AlUta 37.6 
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Til 1 enU 



OrUioclase 21.5 

QoartK CI 

Totoi , mo 

Oouponentii: 

Dark 21.4 

Ugbt 78.0 



100.0 

Tlic avcrnfie ])1n;T'nflaso combining the abovo would bo AbjAni, bnt 
as a large part uf tlie albite molecule is present iu the orthoclase, the 
oligoclaae present does not average nearly so much soda as this. 

Local varUtiea of the *if0»ite. — ^Toward the high east shoulder of Togo 
pf il:. rliich (lesceuds to n s:Ki(llron the ridp". tlir talus forming: this 
slopti shows a variety ot the rock iii wbidi the plagioclase dimiuishes 
almost to the vaniBhing point, and tlie rook th«Mifore assamofl the 
character of a normal and typical nyeiiite; iu other TOspects it>H eltarao- 
ter is that of the typijjnst <lc'.scrilif'(l, and it c:»n ni>t, ittflfiHl. in the 
hand speoimeu, be distinguished from it. The variation, like all tyi>ea 
at Togo Peak, !s pvobablj locals bat it baa a oertaln petrologic signifl- 
eaace, whiioh will be treated of iu auother place. 

At the prospect mining shaft which has Ihm-h sunk not far from the 
contact ou the south side of Yogo Peak, in the igneous rocic, there 
ooonrs a light-ooloted rock whieh is another variation of the baaatitein 
that it represents a more dioritic phase. The lath-like plagiui-lases 
clearly predominate over the alkali feldspar and form tlie main rock 
oonstitueut. it is iuteresUug to note iu this variuty that the bora> 
UeDdea, although quite oompaot and appearing, on the whole, origl- 
ual, yet occnsionaTly carry interior cores or fragments of pale-green 
diopside. What the exact relation of thi8 dioritc-like facies is to the 
shonkinite and mouzooite, which arc the main rock types of the vicinity, 
ooold not be leanied, as it is not apparent at the shoeIImm, bnt it must 
certainly be quite limited in amount when compared with them. 

8torr Peak. — The granite-porphyry of the great intruded mass of 
which Togo Peak forms the western extaremity passes again into more 
bMlo phases to the northeast. Thus, at the high point at the head of 
one of the forks of Dry Wolf Creek, near where the IKP 15' meridian 
crosses the boandary of the igneous rocks, here calltMi iStorr Peak, the 
wtHsk passes into a phase that is between u porphyry and a granolar 
rock, and also a trausitiou to syenite. 

The hand spe<-inien .shows a roek that appears like a rather flue- 
grained syenite, gray in color, dotted with minute black specks of 
fmomagnesian minerals. In fifiet, megascopically, ft exactly resem* 
bles the Yogo Peak syenite just described. 

Tit (lie thin seftion the feldspar phenocrysts, which are almost entirely 
soda uithoclase with a very little oligoclase, are of uniform size and 
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packed BO thickly together that the groontlouMii is reduced to a very 
SBian Hiioiut, filling tiie Utde intenpMes betwma 11^^ Itlnamiero* 
granite mixture of quarts and feldspan, and is quite fi ue graiued. Some 
green hornbleude, iron ore, aud apatite oomplete the minerals. Such a 
rock iB difficult to clasAify, as it is a connetttiiig link between the grouu- 
larand porphyiitio atraotoreB, and aim between the graniteand syenite 
families. It appears best to ])lace it here with the syenites, as its por- 
phuTitic character is seen only niider tlie microscojte, while tlie total 
auouut of quarts in very small aud is cuuhued lu thu gruuiidmass. 

X<»IH>linB OF TOGO PBAK. 

This name has been applied to a massive igneous rock occurring at 
Monzoiii, in the Tyrol, and usually classified under the syenites, of which 
it lias been considered a variety rich in plagiodase and in the darker 
ftnomi^esian ndnerals, especially pyronoe. It has been shoirn in 
recent years that this type of rook is not confined to the vicinity of 
Monzoni, but oecnrs elsewhere in snffleient abundance to warrant llie 
pcoposition that the name shall no longer be considered that of a mere 
variety of syenite, bnt cf an independent rook granp ef tbe saoM order 
of significance as that of syenite and diorite, to be applied to those rocks 
in which the alkali and lime soda feldspars are about eqnnlly balanced, 
thus avoiding the difficulties of classifying such rocks either with the 
syenites or tbe diorites.* In tbe fimner artiele on Togo Peak, by Ifn 
Weed am! the writer,- it was shown in the petro^rraphic de8crii)tion that 
the tyfte of rock formiu^ the middle knob of tbe x>eak was of unusual 
character, in which alkali feldspars were of about equal amount with 
plagioelase, and the name ^'yogoito'^ was proposed Ibr it. Later,* 
however, recognizing that "yogoite" is essentially the same rock as that 
flrom Monzoni and Predazzo, both chemically aud in its mineral com- 
position, fbe name ^<yogoite'' was withdrawn fl>r ^ older and better* 
known term. Bocks of this character have been fonud in several 
localities in Montana, and the nuinlu r of oectirrencea in this ^mrtion of 
the Kocky Mountain area will uu doubt be increased in the future. It 
ean scaroely be doubted that many types of rodis biHierto placed under 
dioritesor syenites by difi'erent petrographers, really belong in this gen- 
eral {?ron]r, and that the fnttiro will show the type to be » not uncommon 
one. in the localities so far described — at Monzoni and Predazzo in Tyrolf 
at the Bearpaw HonntainB,lMie at Togo Peak, and also in the Highwood 
Mountains in Montana — the rook does not ajtpear geologically alone » 
and independent, but is aoconipauied by more teldspathic tyi>es on the 
one hand and by darker-colored, more basic, augitic varieties uu the 
other. It is thus part of a diflfiBrenttated complex, and conaidenng tiie 
very medium chemical character it posaassea, as » BOrt Of petrograpbie 
mean, ttus should be expected. 

•Bcigfar, lMy«lv|MttlMte XMRlulifiittatM, U, Tttimttt 
■Am./«v. SaL, M aMm. YoL L, im, p. 4M. 

• WMd iBJI Mm au. BMiymr Mwwtidwar MmtMMi An. J^ow. R«l..4ili wmim, mx, vm, p. HV. 
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At Yogo Pe4ik the rock ooenn most typically and best exi>oHod at 
the cent! ill oiu> of the three prominent knobs forming the pesik. On 
the one hand it grades into the banatite variety of eyeoitei previooaly 
d«seribed, whieb forms the «Mtem dioiilder, And on tbe otlier hand 
into ilif sliotikinite of the western outi-rops and exposures. 

Thi rock is dividetl l)y jtiinfs into short blocks, and is very firm and 
tough. On n freshly tractared surface it is rather dark gray, with 

• greenish tone, and app«an of medium grannlaril^. It is eleerly seen 
to be somewhat mottled, by the contrast betweea the'Iight-colored feld- 
spathic portion and the darker-colored ferroraagnesian minerals, and 
recalls in it» appearance many diorites. The dark miuerals appear to 
make up half the bulk of tlie rock. The lefleotion of light from nmner^ 
ous biotite cleavitges of small size is also notioeableii The appearanoe 
of the rock is shovrn in P!. LXX, B. 

Under the microsooi)e the minerals seen are iron ore, apatite, biulite, 
pjrroxene, hornblende, plagioolase, alkali ftldspars, and qaarts. 

The iron ore is not present in liir^'P iiinount, but is seen in scattered 
grains nt^ually attached to pyroxene and biotite. Tbe apatite is not 
abundant and shows nothing of special interest. 

The pyroxene is a dear pale-greeo diopside of wide extiQctioo angle 
and rather idiomorphic in form. It is comparatively free from im !ii 
aious, save those of iron ore and apatite ^ in a few cases some iuclusiouM of 

* brownish tabetanoe) whieh may be glass, were seen. It is ▼eiy fkeeh 
and onakered, except ftw its connection with hornblende. It is the 
most abundant ferromag^nesian mineral. 

The hornblende is of the olive-green oolor usually seen in common 
hornblende, is strongly pleochroie, snd is generally seen snrronndlng or 
attached t4) the diopside. It occurs in places penetrating the latter 
in small flakes or rods, and sometimes the diopside is quite spotted 
with these bits of hornblende. When in larger pieces it does not have 
any distinot idiomorpbie ibrm. All these fhets go to show Tory 
clearly it« secondary paramorphic character. Nowhere does it show 
those evidences of primary character wliicti Iddings has so well 
described and Hgnred in the iutergrowths of hornblende and pyroxene 
in the diorite of Eleetrie Peak.) An estimate based on the seetlonB 
places the amount of horiibh nde at one-tenth that of the diopside. 

The biotite is pleochroic, in tones of pale yellow and olive bro^rn; 
basal sections are a deep umber brown. It is quite idiomorphic and 
has the usual apatite and iron-ore inefnsions. 

Tlif pla^rioclase is rather variable; studios of it according to recent 
methods show that it is mostly audeaine, in small part oligoclase, and 
nven a Httle albite is pr^nt. It ooonrs in rather broad tabular forms, 
giving in general idiomorphic sections; sometimes it is seen in rather 
slender laths, which are always smaller than the table.s mentioned 
above, and while they are generally Carlsbad twins they often show no 
albite twinning, or at best bat one or two strips. They are inwiaMy 

*lVolrUi Auu. Ropt. U. S. Geol. Survey, Put I, p. «M. 
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B. SKELETON MAGNETITE IN OLIVINE OF SHONKINITS OF VOGO PEAK. 
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of aiidMin«. The largw t«bl«0, on tiie oontnuy, always show albite 
twinning, naiwliyin vaiy flne lamellas aad aonuitimes tve not Oarlsbad 

twins; they are more irregular in their coraposition, are sometimes 
zonaUy built with basic cores, aud sometimes cousist ot varying irregular 
DuuMoa without any xegnlar erystallofrapbte or xonal amiogement, bnt 
with the albite twinning passing through as if the crystal were entirely 
homof^neons. Thus, \n these crystals, while anileHiue is the most com- 
mon proportion of the albite aud auortliite molecules, they vary through 
oligoclasa to alMta. 

Tlie alkali feldspar is mostly a soda ortlioclaso. l>ut this contains a 
micropertliite-like intergrowth of another feidspar that is believed to 
be albite, but it is present in so narrow lamellu; that this could uot 
be pvoved; moreover, it does not show the albtte twinning. Ail tliat 
can bo safely said of it is that it is anothor feldsnnr and not quartz. 
The iutergrowths are not exactly like the usual microperthitic lamellse 
of albitey bat more nearly resemble micrographic intergrowtha of 
qnarta and orthoolaae; they are shown in PI. LXXI, Af in which they 
av seen very greatly magnified; it doee not require a veiy high power 
to see them clearly. 

Tbecalenlation of the ohemieal analytia shows that the total average 
alkali feldspar has the compo^tion Or|Ab|, but the microsco{M3 shows 
that altlioiigli this may ho the sum total, there is considerable vari- 
ability in the manuer in which the albite and orthoclase molecules are 
ananged. 

The atmetme of the rock is a purely hypiidlomffirphic granular one. 
There is a strong tendency for the ferromagnesian elements to be 
together, aud also for little areas to occur iu which plagioclase is very 
abundant, others in which it is nearly ^Ment, on striated alkali feldspar 
predominating. Thus, while takeu in mass the composition of the rock 
is very liomogenous, on a mirroseojiic scale it is variaVde, and it is dif- 
ficult to briug into the held of tiie microscope, except with extremely 
low powMa, an area that would be typical of the roek as a whole. The 
alkali feldspar shows always a teiidcTicy to a broa<I. poikilitie character, 
tending to surround the other minerals. An extremely minute amount 
of iuterstitiid quartz needs uo further mention ; its rAle as rock compo- 
sent is here without imptwtance. 

An analysis of the rock by Dr. Hillebrand is shown in the following 
tablOi and with it are given published analyses of four other niouzouites 
ftom dilTenDt localities. The older ana^rees are ftdl of analytical 
enora and are not to be trusted. It will be noticed how nearly all 
these affrw, and how little any one of them departs from tbe mean of 
the whole five given iu No. VI. This meau may l>e taken then as tbe 
typical composition of amonsmiite, especially as expressed in the near- 
est whole numbers and given in Ko. Via. The ftatoze «f ftis ch em ieal 
composition is the very medium character expressed thronphout. In 
all respects tbe monsouites stand as a mean betweeu the dittereut rock 
groups. 
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Am. 



I, ICoiuaoite oi Yoffo F^k. W. F. HUl^bnMid, •nalytt. 
IT. HomoBlto of B««m Creek, Bewimw HmmtaiiMk Waad ud Plnwm! 

Jour. Sci., iBt RRricM, vol. 50, 189". ji. ri.""iT. TT. N. Stotefl, aimlyst. 

III. Monxouite of Higbvrood l-mk, Uigbwoud MoutitaiuH. Dull. U. S. Oeol. Bar- 

-V«]rNo. 148, p. 164. E. B. Hnrlbnrt, analyat. 

IV. Monzonito of Middle PBak« Higlnrood Moimtefais. Loe. «!! vafta. E. B. 

Hurlburt, Mmlynt. , 
7. Uonzonite uf MoDzoni. Mfger: EmptlTiegeatolna^ Pndwno^ IMS, pu M. 

y. Sebmelok. MftlTet. 
TI lad TU. Aventse «f kbovtt Midjaee lednoad to 100. 
Vn. Moleonlar pra|Mic«ioiio «f Bd. 1. 



If m make two or three assamptiona, m ftllowss That the biotite ig 
nearly or pr.u tu ally free from ferrir iron, and agrees with the biotite of 
Mou2oui ^which has been aQalyze<i; in this respect; that the repUce- 
fliMit of magnesia by ferrous iron it aimllar in tiie minerals into wbidb 
these enter, and that the amount of hornblende is one-tenth that of 
diopflidt^. m shown by e»timate(^ mado from the He»ftions, we may oalcn- 
lute from the analysis and the table of molecalar pro|)ortionB given in 
NOk vn the mineral eomposition of the roek. None of these asemnp- 
tions is aiMOlntely eorreotf bnt all of them mnst be appnnfanatelj so; 
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benoe the toUowtiig table, while not absolutely accurate, must represent 
Ibe comiHMltiOD mfher elosely : 

XKffiMtlto 8.1 

Biotite 

Diopaide. MLT 

Ho(ii1it«Bd» 4.S 

Anorthite 11. S 

Alblto 30. 1 

Orthoolw 16. 2 



Total , 100.0 

Anilesiiip iAtijAIi.) ST<9 

Soda ortboi-luMt' OriAbi) 30.i 

Total feldspan 6T.6 

Total foCTMUHIBMlaBBdMnli 4S.i 

Total 100.0 



The amount of the albite niolt'<-ii1e lu osotit is just HuQiuient to turn 
thp nnnrtliito into the andeaine deinau li 1 by the itti' rn^('<)])ic study, 
aud have enough left to convert the ortboclaae into u tiuda orthoclase 
wbera the relations are as 1 : 1 — a very oommon ratio tut aoda <»t1iocta8e^ 
aa. Indeed, on chemical grounds we should expeet* The calealatilNI 
shows a!f»o that the plagioclase niul alkali feldspnr present are equal, 
and again shows the impossibility of logically classifying these rooks 
either as syenites or diorites. The large propovtioa of ftnomBgnesiaa 
minerals present, fnnuing two-jUthsof tiie wboltty also siiows tiie middle 
poaition ocoapied by this type. 

suoNirarris ov Tono peak. 

This name has beini friven to dark-colonnl basic pranitnid rorks con- 
sisting chiefly of orthoclase (or alkali feldspar) and augite, but in 
which, nalifce the syeniteeiy which an Mdspathio rooks, the augite pre* 
dominates, producing an nngitic or, as one might saj-, a gabbroldroek 
Besides these chief componpnts, olivino, biotite, and iron ore among the 
dark*oolored minerals, and piagioclaRc among the light-colored ones, 
vMf be presenl^ as aoeossorj' oomponeiits, in consideirable amount, hot 
Uie orthoclase and augite are in ftll Oases the determinant minerals. 
This tyj»e r>f rf>ck is closely related to theralite, in that both are dark- 
colored battio augitic types and both are likely to occur associated with 
otiier types of rocks rich in alkaUM, bat thendit«, the granular pin- 
tonic c.[uivalcnt of the tephrites, has plagloclase and nepheUte as its 
determinant white minerals. 

The first shonkiuite described, was that from Square Butte, in the 
Highwood MonnlainB,* and later the oocoirence at Togo Peak was 
briefly mentioned.* This account it is now proposed to supplement 
with further details, and to mention another occurrence in this district. 

■ Wwd and Piivwin, Boll. QooLSoaAoMrkA, Vol VI,UM,p.Mt. 
*4».««ar.B<i.,MaHiH,VoLt,]W,fLMf. 
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Beaides these (K-cuiieuceti in the LitUv Ik>U and Bighwood muiuitaiDS, 
dionldiitte has been deeoribed from locallttea in the Bearpaw Uoan- 

taiDH,' aud it appears, as -wiJ] be shown later, to occur at Monzoiii, in 
the Tyrol, and doubtless other localities will be found as knowledge of 
the type becomes better known and petrographic research progreasee. 

At Yogo Peak the shoukinite tonoB the rock maaaes of the western 
end, abiittiug against the sediments, luul it also occurs about i miles 
northeast, on the ridge running oat in that direction &om Yogo Peak. 
Here it is foand in oontaot with tiie limestones at the head of one of 
the maiu branches of Ruuuing Wolf Greek. 

Tlie Rlidiikiiiitt' rock does not possess the tliick platy partiug of the 
mouzomte aud syenite, but has an exceedingly massive character. The 
rode ia very tough and breaks under the hammer with diffleolty. On a 
fresh fraetare it is of a very dark stone color, aud at first glance recalls 
many marse, <lark trabbros. On insiifH-tion it api>ears that the ([nantity 
of t'erromagnesian minerals ia very large, aud the eye is caught by the 
leflectton of numerous plates of a dark-brownish blotite, whieh average 
several millimeters in diameter. With the lens a gretit abandanoe of 
small angites are also seen in the fnhlsimthic constitupnt. 

At places, especially toward iha cuiitaet, llierc is considerable varia- 
tion in the grain of this type; it sometimes oeeum very maeh Anor 
than tho normal type inentioiKMl ahovr. and, on tho other band, at the 
extreme west end of the peak a ^';l^iety is found that forms large, 
irregular masses, the rock being iiuiieoable for the very large, spongy, 
biotite orystels which it earries. These biotitea are at times I cm. 
acrosH a rleavape faro. Thpy aro made up of a number of smaller, 
nearly siiuilarly oriouted iudivldoals mixed with other coustitueuts. 
Although the miea ia really snbradinate in amount to the other miner' 
als, it has the appearance of being predomiiHuit, and the rock seems at 
fi^^5t pfla jK-e to be almost ^vholly made up of these coarse biotit*' crystal, 
aud has a very cuarse-graiucd, curious appearance. Examiuutiou with 
the lens shows that although the biotite thus appears so important^ it is 
merely beoaneetheerystals reflect the light from their cleavage surfaoes* 
aud thus seem more prominent tlian the othi r minerals: moreover they 
are very poikilitic, aud are HUed with augite graius. Thus the actual 
amount of biotite is less than that of either angite or wthoclase. The 
rock is shown in PI. LXX, C. 

Utider the micro»icnpr> the minerals seen are iron ore, apatite^ augite, 
hurublende, biotite, olivine, plagioolase, aud soda orthoclase. 

Iron ore as an actual component of ^e roek is almost entirely want> 
ing. In one phase a few scattered grains surrounded by coats of bio 
tite were observed, but in the other sections, representing diff'ei'ent 
phases and areas of the shoukinite mass, it may be said to be eutirely 
wanting. This is a very slarildng feature fiv so dark and baaiaalTpe^ 
trhleh, as the analysis shows, possesses considerable of the oxides of 

I WMd Mrf niHOB, Hmrntrn MowttfM vT Unnlnft: Abl J«ai'.8d.,4th Mfka. V«Ll UM^f^MI. 
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fwa. It is fbcreftnre ctoar that H baa gone into tiie ferwauktpMriau 

miuerals present, and tlio greeu color and character of mucli of tlie 
binttte indipiites that it must approach lepidomt'Lino in rotn position. 
It should uIho be tttated that a very small amount of iron ore tirom 
the oUviae Teaorptiona) to be pieaeiktly deeecibed, Is also picseuty bat 
this 18 in a way Meendary and oonflned to tibeee oooaidonal minute 
areA8. 

The apatite present in short stout crystals shows nothing of special 
interest. The amonnt of pboqphorle anhydride in the aaalyirts inoves 

that 2.3 ]H>r t pnt of it is prcssent, while the tinorinc, in tho ab>;ptir»o of 
chlorine, shows it to be a fluor- apatite. The augite is a pale-greenish 
(liopside like pyroxene of a very wide extinction angle. The prismatlo 
cleavage is well developed ; it has no other, and there is no trace of any 
diallage Tikf^ ohnrnotpr. It is qnit«' idioiiinrpliic, especially in the pris* 
matio zone, being bounded by the faces i(IUOj, ni(llO), and 2»(010}, 
wfaieb have generally abont an equal deTelopment. The ends (MT the 
prisms are le.s8 well developed and are likely to bo rounded oft The 
habit is short, tliit k ;ind Odhimnar. It contains infbisioiia of biotite, 
and, less rarely, of gla&a or iron ore. These incliuiions are infrequent. 
In rize the crystals vary fram one-tenth to 1 mm. in diameter. 

IIorn]»1<-ude is not common, and its character and association are 
snrli as to lead to the bfh'ef that it is socomlary, a*« deKcribtd nndfi- the 
monzouitej its color, lack of definite tonn, and its associuiiuu with 
pyrozeney are similar, bat it is rather less in amoant. 

Olirine and its retiorption bands. — The olivine, in the most basic type — 
that is, the one contaiiiinfr the coarse poikilitir biotite — 1;^ mostly very 
i're»ii ami clear, but in a lew places is altered to a yeilowisli re«l micaceous 
snbstaaee— oneof the well-known alterations of olivine which need not 
be further mentioned. The olivine has no f,'ou<l crystal outline, but i« in 
irregular masscis. It has, as iudasious, shreds of mica, sometimes an 
ore grain, and occasionally' littledarker shadow-like spots which, when 
ezaoiined with very high powerS) are seen to be skeleton magnetites 
presenting wonderfnl patterns of intricjite grating fr-iftures. They 
resemble somewhat similar growths which have been previously 
deaeribed by other {letrographera. They are illnstrated in PI LXXI, B. 

The most interesting thing in regard to the olivinea is the re.sorption 
phenomena they show. Iti the more basic and eoarse-grained pliase 
thi^y are quite unaltered, except that they seem somewhat routided, 
and where they come against alkali feldflpsr there is generally a band 
of green mlea separatin^^ tlie two. From this ehaiacter they pass, in 
«»ther phases of the shonkinite, into tyi>es which are .surronnded by 
zones, ns is often the case in gabbroti. The zones, however, are of some- 
what different charaoter from those seen in the gabbros. Here the 
olivine is surrounded by, first, a band of granules of a biaxial mineral 
of high refraction and rather low birefringence, whose <reneral clmraeters 
indicate it to be eustatite; the granules are rather Hmall in size and 
20 asoL, FT 3 " 3 1 
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too confused for absolutely posUiiTe idontittofttion, bnt this also seems 
most probable, foiiH-deviny the cam{H>gition of oliviue. Next to this 
cornea a bmd of greeu biotito aud thea the alkali feldspar. Tbe iron 
in tiie oimne Mparaitos oat aa iion OM in blaek graina. This prooew 
goes ou until no olivine is left, and only ayel^u v> i mica-like substance 
dott«d fall of ore grains kIhjws the place of tlie core of tbe original 
crystaL Such a i-esorptiou phantom in i>bowu in i'l. LXXIV, A. From 
tiiis stage they may be traced gradually, by unaltered pieces of olirine, 
into the unchanged crystals. 

But the most interesting point in regard to this chaiigo is that it is 
directly proportional to the amount of feldspar whicii tbe rock con* 
tains. In the moat bade, least ItBldspatltic type of shookinite the 
olivines, as noted above, are unaltered or surrounded oi 1y ' v a baiui of 
biotite where they tondi the feldspar; in the more feldbpt*Ll)i«^ typen 
they begin to be surrouuded by the resorption bands, but there is gen- 
enyUy,tIio«ighnotalways,Bonieo1iTinesolMitanoele(t In themomonite, 
a much more feldsjiiithic jihase of the Togo Peak mass, these resorjj- 
tioiis of olivine occur, but they are always resorptions (no olivine sub- 
stance is seen) and they are, moreover, not nearly' so common. In the 
qrenite (banatite) eertain groopinga of inm ore and Motite soggest the 
same thing, but arc not conclusive. Tt is iiuleed interesting as a specu- 
lation whether these oliviuea formed before differentiation took place 
in the mass or afterward. 

The resorption zones, or reaction rims,^ as they have been called, 
\\ hicli oeenr aronnd oliviiu?.'? in the plagiochist- rocks have been so well 
described and their origin so fully discussed ' that they need no iUrther 
mentiMthere; but it maybe satd that UieideathattlieyooaUt have been 
fontied in the shoukinite under disonssiou by any dynamio metaroor- 
j)hi(- processes is not tenable for a moment; it does not evei) netnl to be 
dis<;u8sed; we are dealing here with fresh rocks of a reoeut geologic 
period, breaking np thnmgh abnost unaltered sedimentary beds. 

When weconsider the chemical eonpoaitioa of the minerals involved, 
the cause and character of these resorption or "reaction" phenomena 
in the shonkinito become <xuite clear, if we consider that olivine was 
one of the ilrat nkinerals to septtrate oat of the original magma, it was 
because a mineral of that composition was capable of forming and was 
insohible in the rosultiiif; and residual majrnia or capable of existing 
in it- As tlie procetis of crystallization iiru<M»edeil, howevei*, and tlie 
pyroxene, biotite, ete., oryatallised ont, ^e residoal magma became 
richer in alkalies and alumina, until it eventually solidified as alkali 
feldspar. When this stage was reached the olivine was no longer 
insoluble in the molten feldspathic mugma, and, redissolving and the 
magma eiyatalliBing, the Mloiriag reaction tcck ^aoe: 

Olivins. OnliiM l.i-^i . II\p«nthciio. Uiotito. 

e(KgF«)t8iO«H- K,AI,SUO,« =8(MgFe)SiOa + K<(MgF*)tAl«(8tOt)( 



^ 1^4194^ ^Jvstfry l^B^^^P^^ ^l^Lfr 
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TtMt is, the olivine nid orthooiam giy» tlM to faypersdiene md Inotite^ 
and very naturally the hyperHtheue, the mineral richest in nuigiieBia, 

lies Tiext to the olivine; while the biotite, ru-h in alkali and ainmina, 
lies next to the feldspar. Thus it is very easy to see why, on purely 
ebeDioal groonds, the Ibrmation of aoeih asonee mid thdr oompoaition 
may be both ex)>ected and explained. 

It is to bo Tinted that lime, which plays so imp<»rtaut a part in the 
zuuets iuuuud the uitviues iu the gabbroS) in etiiirely absent in the 
above. Iu one or two eeeea alender needlee were seen in the outer 
zone, and it may be that lime has been present and a litllo liornbli nde 
formed, m in the gabbros. This is the exoeptiou, and not the rule, ia 
the ahonkinite. 

jPel^ar«.— The feldspars ia tiie diookinita ave aomewhat variatde, 

eapecially the plafrioolasp. This is soniPtimps present and sometimes 
wholly absent, and tliis within small areas, even within that of an 
erdinary thin aection. It is usually in the ftirin of laiha, aome very 
email and luurow, others broader and more ooliunnar. It ▼aries from 
interior cores as biisic as a labiadorite AbjAn, to onter rims of nude- 
sine AbtAuaj both albite and Carlsbad twins are generally preseut. 
The notioeable ftetue of this plagiodaae ia ita Btrang idiomofphie char- 
acter, and this is especially notioeable when it liea embedded In tlie 
s«»d!» <>rt*v>cla8e. In some places, within a very minnte area a eoit- 
siUiirablu quantity of these plagiociase prisms will be heaped together, 
anrronnded by brood region s qaite destitute of them. Its total amount 
is small, and considered altogether it plays only tlie i 'Me of an acces- 
sory eonstitncnt. It .'^eeras to depend to some extent on the relation 
between pyrojieue and biotite} thus, in the more basic xihases, where au- 
gite la very abundant and ita prisms thiekly crowded, tlie plngieolaM la 
almost wholly wanting, because the lime has all united with the magne- 
sia and iron iu the production of pyroxene, while iu those areas where 
it is not 80 common the magnesia and iron combined with alumina and 
potash to fttrm biotite, thna permitting tlie hm» to enter into plagio- 
ciase with tlie soda. 

The alkali feldspar ranks with the angite as the most important rock 
coustiiuent. In sections perpendicular to the obtuse poattive biseotrix— 
that ia, approximately parallel to b (010)— the baaal cleavage is easily 
seen and is usually good: at times a eleavape cros^f s this at whirh 
is probably parallel to the prism, a not uuosaal pheuomeuon. iu alkali 
feldspars. Thia givea the direction of the verti4»l axia and enablea the 
sei tion to be oriented, and it is then found that tlie extinction lies 10^ 
in the nh»'ise angle — thai is, is jiositivo — and tlierefure the feldspar is a 
soda orthoulase. Thi» is shown also by its watery, muire api>eai'auce 
and by other phenomena which show timt it ia not a simple compound. 

Chemical composition. — To show the chemical composition of the shou- 
kinite there is given the analysis which lia.s been made by Dr. 
HiUebrandj also some analyses ot these rocks trom other localities, 
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all of wUeh show the oluraeteristioB of the type— mther low eUleAi 

low nlnmina} high iron, lime, and matni^sit^ ^ith moderate alkalies 
an<l the ]»ota8h predotriinating over soda. In No, V is jjivpn the 
average of the tirst three aiialyseH, auii ihia may be taken a» repi^esent- 
Ing the oompoaition of » ^ioel aboukiiiite; tb» tauiytM yary ftom it 
botUttle. 
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I. Sboiikiiiite, Yogo I'eak. Montana. W. F. HillnhraTKl. aiMlytt. 
II. Shookinita, Bearpaw Moiintaiiks, Montana. Wwed aod PhMon: Am. Joor. 
Set., 4th Mirin, Vol. I, 1S96, p. 880. H. N. Stokee, analjHt. 

III. Ulioiikiuitc, S>|nare Biitto, Hlghwuod MoimtainR, Montana, ^^'l'o<l :ind 
I'ireson: Hull. (»eol. Soc. Am., Vol. VI, l>jy."., j). 41-1. L. V. Fimon, annlfxt. 
As originally pnb1i«be<I MfO=9.6^, but » reciilculation of the analyticul 
(lata Nbowed that • tligbk exTOT to ealsnlaUoii had been made, aod that tbe 
MgO nbonhl h« 9.27. 

VC, Slioukinite, Moii.-«ni. Lcmberg: Zaltichr. <L Danteeh geoL OeieU., 1878, p. 

201. Lemberg, aualyitt. 
V. ATerage of I. II, and III. 

VL Mali|ur"it> Poohbah Lake, Ontjirio. Liiwsr.n : n.ill. f:. t»l I >opt. trBlTonitj Of 
Cttlironim, \~ol. i, Nu. 12, p. 3o0. F. L. Kimaoniv. aualjBt. 
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PLATE J.XXn. 

Thin Skctiok or Shonkinitx. 

^, Sbo&kinite of Yog« Paak. OliTinA (pftle yellow), Uutito (tawira aoA cHv*), 
T»yrozen« fi?r«»B), ftnd todM orftoelMb (white). Apftttto iad Imk ure aia *Ito prea* 
t ilt, li* vx-11 DM a litttr plu;:lod«N. Avtul ai>« of Md 4 nm. moltlpllod 
aectiou Meu in natunU light. 

B, theauM ■oBtiim KM ta polariied Mtfit betwwi MOMaa nioblfc KdiowB lilw 
field occupied by a single large plate of orthoclase which incloaeatbe other mincrn1«, 
a coDuuou characteristic of this rock. The section hero Helected to »huw this doe« 
B«t eoirtoiii quite tt« •w^aBoajtl of tlu» J»k fcrowgnertan Mtoewto. 
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Tn. Lamprophyre, betWMn ButtSk Boalte Mid ±aMe>f» flneki, XoaMiBA, 
Merrill: Pvoe. U. 8. KM. Xok, V«I XYH, 188$, > IRO. L. G. BiikliM» 

analyst. 

Ym. Absaroklto, dike Boath of Clark Fod^ Wyaaiog* IddiBgp: Jour. QtoL, 
VoL III. 1895, p. 938. L. G. ElddlM, aililjnt. 
IZ. Molaeolar proportions of No. I. 

The fthontdnite nmgma U that wbleh ta dumctaristle of tiie «lam of 

rorks "which have becti calltHl laniprophyres. That this iiiitgiua exists 
in other localities in a ditl'ereiit initieralo^ic, structaral, and geologic 
form is shown by the comparison of the analyses given in VII and VIII, 
tho former a thick lutnulTe aheet, the latter a dike. The idation 
between shonktiiite antl abaarokite hns been already uotetl by Tddiiigs.' 
In No. TI is given, for comparison, the analysis of a rock described 
by Lawson * under the name maUgnUe. Hineralogically it is oloeely 
related to shonkiuite, in that pyroxene and orthodase are the prominent 
consf itii' iifR; it differs in the preseuce of neplielito and in the character 
ol the pyi oseiie, which ie tegirite-augite, and these diHerences are caused 
by tiie larger amotint of alkalies, especially of eoda. Boeenbaacb* 
places it auder the shonkinitea, Ineladiiig both in the thenilit<^ family. 

Struvture and clasgijinition. — The stT nctni e of the Yogo Peak r<)<',k is 
purely hypidiomorphic granular, and it has all the characteristics of a 
plntonio roek. The moat Mrlldnif and dominant miiuoaoopie featore ia 
tbe poikilitie < liaracter of the orthoclase, which occurs in broad masaea 
enveloping the other minerals and evidently the latest pnKliict of ciys- 
taliization. This is shown in the figures given on Fl. iiXXii. i.aw- 
won* mentiona it aa bdng alao a eharacteriatie of maUgnite. 

From a consideration of the molecular proportions given in No. IX of 
the table of analyses and the results of the study of the thin sectiona^ 
it is estimated that the rock contains, ou the average, by weight — 



Pyivziea 9$ 

Bioliie 18 

Olivine T 

Hornblmido, ap»tit«» eto 9 

Soda ortbodjM0 95 

Total 100 

Dark cotiatitnMits W 

Light eoiiititB«Dta SB 

Tomi "mo 



TUa, of eonrae, ia not aoenmte, Imt ^ control ia antteient to make 

C'T'^niTi that the variation in tlic more doiditflil oonatttdenta can not be 
more than a few per cent either way. 

A mere inspection of the above taUe ahows that thia roek can not be 
elaased with existing rock gtoapaf and that it« erection into a new 
group la jnatifled. Bat ita ooearrenoe in other localitiea and the aooept- 

• jMr. Owl.. ToL m. Jaw, p. aa. >)bH.awlitaB.l4«i.,uaM«,v.M. 

•»dLD^pt.ewl.ViilT.0iil..T«LI.]Ui«h.U8a,pp.89Mai. «LM.olt 



Digitized by Google 



488 lOMBom BOCKft or littlb belt MoinrrAiNBf mohtaka. 



auoe of the group by other petrologists are already nattere of hlstoiy 

and reuder any further cotiitneut on thJa point eaperflttooii.' It must be 
etAti-d. however, tliat the persi-^ti-nt appearance of (|uantitie8 of biotite 
in all these cases, due doubtlens to the large amount of MgO and KjO 
in the magma> renders this mineral a much more oonatant feature of the 
Toek type than was supposed would be the OSM when (he Original 
8|)ecimen from Square Butte waa described. 

Skoiikinite at head of JiuttHtng Wolf Creek. — Thia occurrencef which 
has already been mentioned in the deeeription of the Togo Peak roaas, 
has also been studies! in (hin section, and exccptinpr the fact that none 
of it has been seen to carry uny plagioclase and that the soda orthoclase 
is a little more abundant, it so exactly resembles the tyim ulready 
desedbed that no fbrther mention is neeeseaiy. 

Shankhritr nf Offer fVrrk. — T>('siflc-: the occiuTcnte of .shoiikinitr- at 
Yogo Peak, there is another in the region of the Little Belt Mountains 
which deserves brief mention. It forms the large heavy mass intruded 
in the Upper Carboniferous beds on Little Otter Greeks about 2 miles or 
so above its junction with the main Ottrr stream. The ma.«sa is exposed 
at least 300 feet above the creek, and the outcrops, which are very 
cohmnuVf extend in a long line, suggesting a sheet whioli nnet be 
extremely thiek. The road qaarry at one point haa exposed quite good 
fresh material. 

in the hand specimen the rock is very dark gray and moderately 
fine grained, the components rnnning from 1 to 3 mm. in diameter. In 

the sc<^'tion it sliows the same minerals mentioned above for the Yogo 
Peak slioukiiiite, but the amotint of olivine, which is very fresli and 
has no resM;tion rims, is (»nsi(lerabiy greater, wiiile biotite is much le^s. 
The amount of andesine is also lesa, only au occasional minute priam 
being present. Theortlioclase iis usual cements the < >ther minerals. The 
rock in other reH|>eetH so closely (conforms to the deeeription already 
given that it needs no further mention. 

PINTO DIORITB OF NSIHART. 

Thia rock forms the great massif intmded in the crystalline («chi.Hts 
at Xeihart, and hence it is there one of the most prominent nniks; the 
slopes north and east of the town are <-overed with bowlders of it, and 
it is equally prominent in the Oarpenter Creek Gakh. Many mines are 
connected with it, and its striking appearance makes it wdl known 
among the miniiip- ]>opnlation in the vicinity. 

The rock is noteworthy tor its bizarre appearance, wliich is bent 
seen on a large aeale on eome cliff wall or smooth snrfhoe of a Inrge 

*Im hb Nvkw tt tke nrigiual imper on Yofo Pnat b/ Mr. W«d wd tte mllar |Kmn JakiiiMh, 
IMk Vd. ir, ^ B. Bahnw quotca dodo at tb» tuljrao*, (Miiiti all migitliiii af tb« pnmm* iC 
wtWhwdla flwakMilclolMk rnwOant especially tlM fclad of pUsioclaMi •MtM with wr|»ImmIii tluit H 
naemblaa R«ibtaaii aad Ota* ptoduOM • Mallr IMm loipiMMiOD thaiOBl^ an unlioary gnbbro lin<1 lm«m 
ieiBrlbwl «iiA4Maai«M wltk smw maatt, aa Um tvkfaik aaymwiMr aaei* paumily vruDg by nsadiaf 
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A. DIORITE OF N El HART - P I N TO DIORITE. 
/*. VARIOUITIC MINETTE OF SHEEP CREEK 

rram photographs (naturBl «cat«) of actual •pacamana. 
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oatonp, when it baa a mottled appeataooe, dne to ovoid masses of 
Mdq^ vliicli vary fixiin half an Ineh to au indi or more in 
diameter, aud which lip so tliickly scnttprfnl ti nt f hey ronstitnte rho 
main portion of tlie rock, the iuterspacee betweeu iheu beiug much luss 
tn balk amoanti indeed, they nm into One another in many plaoes, leaving 
only rudely cusp- or Inna-ahapcd apacee between them. Heitlier are 
these fi'Mspai h<vtli»-s always ovoid; 80Uietime« they nrc rnrvcd, heiit. 
drawu out, elougate<i, aud otherwise distorted, but the average shape 
indinea to the ovoid eharaoter. The fntenpaeea between them are 
ItUed with a greenish-black ferromagnesiii)! miueral, aud it is this strong 
contrast of theet- wltitc s^mjIs on a black biukfr«>nnd that gives the 
rock the peculiar uiuttled appearance that is so striking, especially 
when Men on a large seale. When aeen in this way the loek baa ahio 
a gneissoid appearance, as the ovoid feldspar hiwU have th^rlmiger 
axes in one eomnion dirpctirm. as a nile. niid they are likely to succeed 
one auotlier in lines, thus t^ugge^ting gneissoid structure. In theliand 
specimen it ean be scarcely observed— 4;he scale is too great— but an 
illustration is piv< ii in PI. TAXIII, ,1. 

This mottling protluces aim the etltwt of a huge eoarne poqihyry, the 
white spotti appearing like phenocrysts. The appearance is, however, 
deceptive, for the rock is not a true porphjrry, as will be shown later. 
The strnctnre might be tei iiie<l iiseiuloporphjTitic. When tlie ro<>k is 
examitieil closely, and especially with the leus, it is seen that the 
apparent phenocrysts— the white feldspar mass es a re not made up 
of a single feldspar crystal, though they are likely to contain one ftld- 
spar mass that is larper than all the rest. They arc of a pale-gfreen or 
gray color. The dark material filling the interspaces is iu greater part 
a black losliona hornblende, which has a somewhat sidiistosa arranga- 
meut. Oooasionally a shining leaf of biotite is seen among the hom- 
bleiide- 

Microtivo^iie cJmracters o/diorite. — In thin section nuder tlie mici uticope 
the minerals seen are apatite, iron we, biotite, hornblende, ]>lagioclase, 
and orthoclase; a very little sericite and <-:i1<-ite from alteration prod- 
nets of the pill;; ioelase r re also present. Thr- ;i|>atite in small prisms 
lie.s mostly embedded iu the hornblende. Ihc iron ore is iu small 
anhedra and is limited in amonnt Biotite is of the nsnal dark'brown 
pU-oi'hroic variety; it is variable in amount; sonietinies there is consid- 
erable to l>e seen in tlie seofion. at otlier times it is almost wanting* 
This is the case in the sample aualyzed. 

The hornblende is in small Ibrmless masses which tend to prodnee 
prismoifl 1>odies which are more or less extended in one direction, thus 
aiding in the ede<:t of schistosity. These prismoids are he^iped together 
in clusters, without any other include<l mineral except apatite, and 
ddine the t^to fddspar aiaaa. It is of the typ« of common horn- 
blende, vdtb ito pleodirofSD of deep grasS'gveen, olive green, and 
yellow. 
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The plagioolaw is in fbmlMfl Interloekiiig grains, alirays twinned 
aooovdiDg to the albite knr, almost uever according to the p«ricliti6 

Invr. Xo Carlsbad twins were seen in spite of careful search. Tlicrf^ 
is couaiderable variation in the size of the grains. In aeotious ^ler^teu- 
dionlair to 010 the mudniaiii extmetion f^nd was 24fif which would 
indieate » basic andesine, aooordiug to the statistic method. Thaiean 
no zonal growths to be sern nmon*: these feldspars; they are apparently 
all homogeneons and similar tbroughout. The ualoolatiou of the chem- 
ieal analyns shows (bat they have the oontporation Abi* Aih, whicdi oon* 
flrnis the meiisuretneut given a1>ove; the plagloclase is basie andesittSL 

Orthoclaso is also present in rather small amount, and is generally 
interstitial in cliaracter between the p)agiocia»cs. Both of the feld- 
spars are more or less tarbid from Isayes of serieite, which as v^oal 
develops mostly along the cleavage cracks. The analysis shows that 
a little tra<'e of a carbonate is present, and this may bo fine to some 
calcite deposited along cracks; uoue was recognized in the sections. 
A fbw minute grains of quarts were detseted along with the ofthodase. 

Chenn'rrjl eompositioii. — The f'oni])Ositinn of this diorite iS ShOWD in 
mo. 1 of the adjoining table, as made by Dr. Hillebrand. 

Analnne* of dioritm. 



SiO; 

Al,04 

I" c.Oa 

1" t^O *•«■■■ * 

MgO 

CaO 

Nft.O..,. 

K,0 

H<0— IMO.... 
H.o+lliO*.-.. 
TiO; 

CO, 

MaO 



8rO 

UiO 



II. 



m. 



i».lS! 88.49 58.05 53.06 



IV. 



ia.}{5 18.0o| 17.i)6 



1.52 
4.29 

1. MO 
7.05. 
4.31j 

2. m' 

.14 
.95 
.74 
.40 
.96 
.18 
.06 
.11 



4.90 

7. 55; 
4.07' 

I 

1.41| 

•Hi 



.80 
1.07| 
.62 



'2. m 

1.56j 
3.65 
6.17 
3.ri4 
2.18 

.m 

l.O) 
.17 



T. 



▼I. 



S5.53 58.05 
16.80 16.46 



vn. 



vm. IX. 



58.63 55.54 
16.23 15.64 



.06 

.06 none. 
.IRnndet 
. 11 andet. 

teSM. BOIM. 



T«tal....lOaOO «». 60 100. 701410.41100. 17 100. 88, 99.88 



1, «»ft 
6. 33, 
5.03,' 
8.W 
2. 99 
1.6lj 

.97;j 



.31 



.43 
uodet 
andet. 



3.35| 
3.00 
6.96* 
4.31 
3.57 
.00 
.53 
.96 

.00 

.16 
.13 



1.69 
5.06 
4.64 

6.9* 

2.86 
2.U 
.10 

2.02 
.72 



1.91 
4.20 
4.36 

B.59 
3.51I 
3.09 
.15) 

'i 



1.19 
7. 13 
4.64 

5.67 
8. 17 
2.28 

2. as 



. 14 
,07, 
. 11 trace. 



1.17 
.74 1.24 
. aO uD«let 
nooo. 

• llj (t) 
. 06 iindAt. 
trace, undet. 



.919 
.197! 
.010 



.128| 

.0651 
.030 



5.'>.80 
17.44 
2.59 
4.67 
6.09 
7.18 
.^.67 
2.26 



.060 1.13 



.000 

.<m 



.m 
.33 



.17 
.11 
.09 



90* 68 99* 9S 



1. IHorltet Caipeoter Cre«k, noar Ndhiirt, MootMM. W. F. HiUebraDd, aoaljtt. 
IT. QaartsHliorits, Sweel Onia Creak, Cruy HonotaiiiB, MoataoB. BolL IT. 8. 

fteol. Snrrey No. 148, p. 14,3. W. F. Hillebrand, a!i!iT> st, 
n 1. Diurite, Electric Pe«k, Yellowstone Park. Iddings : Twelfth Ann. Bept. U. S. 
GmL Bwmy, Part I, p. S17. W. H. ll«lTni«, aaalyft. ImoladM 0.07 flQt> 
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IV. Angite-dioritn, Stony Mountain, Ouray Connty, Colorado. Bnll. ir. 8, Oeol. 

.Snrvey Xo. 149, p. IM). L. G. Kakins, nualyat. 
y. Oiorito, L» Plato Moontoina, Colorado. BaU. U. & OooL Sanrey No. 148, 

p. 181. W.P.Hi1l«bnad,ia«ty*t. ltt«bidM 0.M F«S«. 
VI. Diorite, nfnr F^onnru. Calironl*. BnlL IT. 8. G«ol. Samj So. 14^ p. S18. 
W. V. liillehtiiiul, iiualyftt. 
Vn. Diorite, Captains Kay, Unalaaka Island. Bnll. U. S. Cieol. Survey No. 118^ 

with 0.04 Fa8t ud 0.08 NIO. W. P. HUtobrand. axulvst. 
VITT. Diorit«, Lampertdorr in Silflais. Cf. Zlrkol, Lehr, Potrog. , V ol. n, p. 4/86. 
Ilunipe, iinalynt. 
IX. Moleoal«r profwrtiooa of No. 1. 
X. Anngo of Mttlym I to TII, Inelnslvo. 

For tiie sake of oompariaoQ, a nnmlMr of other analyHCH of diorlteB are 
quoted, mostly from Bulletm 148 of the United States Geologfeal Sur- 
vey. It is interesting to olwerve liow nearly alike tbey are am! bow 
clearly tUey show the characteristic uiaguia composition for a typical 
diorite— that is, mediant silica, high alQmiiift,inedinin iron and magnesia, 
high lime, moderate alkalies, ^vjt1l soda predominatinip StinNigly over 
iu>f;isli Tlie aliiiiiiiiji, lime, and soda condition the appearance of tbe 
plitgioclase; with an increase of magnesia and iron tbe ferromaguesiau 
minerals woold beeome more prominent and tlie rook would paw into 
(he gabbros ; with potash predominating over twxla, biotite and ortbo- 
clase would bMromp prominent and it would paHn into the mouzonites. 
The analyses here given are the best thai iiave been made of diorites; 
moHt analysee «e very omde and untrastwfirthy,eBpedalIy as sliowing 
the relation between alumina and magnesia, oxidation of tbe iron, etc 
One of the best, taken from /iriiel, is given under VIII. The average 
of these seven analyses, given in X, may be taken as representing a 
typieat diorite magma; as eneh it may be of value Ibr oomparison. 

Tndouhtedlv a jmrtion of the water iri the lUialyRes is not seoondaiyi 
but original, and comes from the biutite and hornblende.' 

From tiie molecular proportions given under IX of tiie table we msj 
appfwdmateljoaleulate the mineral oompoeition of the rock by reckoii<- 
ing the feldspars from the alTintina, the iron ore from the ferric iron, 
and tbe hornblende from tbe magnesia, a little correction being applied 
for tbe small amonnt of biotite, apatite, etc., but as the others are like 
chief minerals tbe error is small and can not materiallyaflhot the lesflllw 
From tills eaknlation we find that the rook eontains — 

IWOMt. 



Iron ore ............ ................................ .*«. 8.B 

Biotite. npatito, etO. 3. .5 

Horabloode ia.O 

AD4«slne.. 6S.8 

OstiioclHd 17.5 

T»titl 100.0 



>CKO«nftit TOM Dut^abb. Saowi Wtt.i.QtmA. Badn. OmL UadMiMtH M. Upffi. 
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The feldspan prasent are, Ab«>36Ji, AnwrnVIJif Or«17A The dark 

minerals are 19 per cent; the light minerals 81 per cent. 

Structure awl cla»sification. — The remarkable feature of this rock 
is its Btrauture, which is ocellar or pseadoporphyritic. It is remuik- 
able to And all the Mdspare eolleeted into such lumps or eyes, and 
the interspaces tilled with hornblende. It recalls the oj)hitic strnctnre 
of (liabascB in which the feldspars are idiomorpbic^ and the angite fills 
the interstices between them. The rock, it is true, has. been subjected 
to eeveve dynamio preaenre, the geoht^e evldenee in tlie field and its 
appearance in the hand speiMnicii arul nndcr the microscope agreeing 
on this point. The hornblende, however, shows no evidence of this, 
bat the andesine is cracked and granulated and the albite twinning 
lamellae are carved and broken. But it Is dlfltenlt to see how presnnre 
and shearing could have prndncrd this structure if tlicre had been an 
ordinary diorite to work upon. It is very much what would be pro> 
dneed if a eonite^^ with its orbionlar masses, were cmshed and sheared. 
But here there is so marked a separation of the light and dark min- 
erals that one feels compelled to as<!nmc that this mil-t hn 'ir-ij^iiial 
character — produced in the magma, perhaps, as au ophitiu .sit uclute on 
a huge scale which was afterwards crashed and broken down by the 
dynamic forces. With the facts at present Ht hand regarding the rock, 
it sMfmw nwk'ss to sjitHnhitc tnrthcr upon the orifjiii f>f this stmcture, 
but so tar as the author knows it Ium* mtt l>een elsewhere described, and 
be denires to call the attention of petrographers to it in the hope that 
some light may be thrown npon it. 

Contact /acits of' 'liarlfr. — Where the diorite comes in contact with 
the crystalline HchiHts, and especially where it penetrates them iu 
apophyses, it shows a marked endomorphic contact modification. The 
ro«-k becomes of quite fine grain, compact, very dark in color, and in 
some ]>laces has scattered through it numerous Oat tabular feldspar 
pheuocrystsj it is here a true porphyry. On a freshly broken sai'face 
tliese fieldspar phenoerysts are dark and not especially noticeable, bat 
on a weatluTOfl siirfart' tlioy are white and strorif^ly contrasted ajrainst 
the ba< kgronnd, and it is here seen that they have a strongly pro- 
nounced flow strnctnre, the flattened tables being arranged in lines, 
carves, etc. The gronndmass, or the rock devoid of phenocrysts, is 
very dark and glitters with innumerable miea scales, so that it has a 
somewhat minette or kersantite-like ai>pearauoe. 

Under tiie mioroscojie the minerals seen are iron ore, apatite, titanite, 
biotite, hornblende, andetiine, orthoclase, qnartz, and sericitu. 

Th*" irtw ore. tlie apntite. and the occasional titanit«* in <rrains ofl'er 
nothing unusual. The biotite Is not abundant, and in considerable areas 
is entirely wanting, as in the main diorite. Hornblende is present in 
oonsiderkble amount, much greater than in thedforite, and is in rounded 
grains or small luasses. The feldspar phenocrysts are almost entirely 

•OilikvlwdlOTttB arKivaltaito «r Cbnlmt. Ot Slrkal. UMmA4m rMNg^iYfll. n, p.471. 
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converted Into miiiinim of anrieite, or at least Into a flue, scaly, mioa* 
owns, colorless mineirBl of bigh bireMiigeuco, and it is difficult to aaj 
more about them, f»xrfi])t to (IpftTtiiine, fioiii ntiMltfi*"! sciiips. fliat in all 
oafies they are a plagioclase, and a rather basic one. They are in strong 
flontnwt to the test of the roolr, which is veiy fteah, and the fotdapan 
of the grooiidmass are ande^ine, with a subordinate amount of ortho- 
clase and a very little intf>r!4tttial qnart/. The gronudmass feldspar 
is dotted through with small grains of iron ore. 

The most intereatlntr thing aboat this oontaot mek ie its stniefenre 
and petrologic ixisition. The structure is the sugar granular one 
characteristic of a]»litfs— that i<, it U ]>ani(1ioniorphtc in the sense of 
Koseubusob ; all the giaiuti, feldspar and iiurubiende, have an isometrio 
developnmitk The roek has, howoTer, eompared with the main diorite, 
a very coiisi(1(>mhleenrichnieiif nf flie dark iriinorals; in the hnnd sjitjc- 
imen. aside from the type which ha.s phenocrysts, it looks like a kersan- 
tite — that is, it appears like a lamprophyru or is melanocratic in the 
aeose of Bri^gger.' Thto enrichment in the dark minerals is of wy 
common ocrMimnieo in iutnided igneous masses, and nr^d not l>e further 
dwelt upon beyoud the intlueuce it baa upuii the character of the rock 
produced. Aside flrom the ty]>e with ratiier abundant thin, flat phe- 
nocrysts of feldspar, one could call this variety of diorite a type of the 
gpexfiftrtit^ of Roseubusch,' with the de-^criiition of which it very ck«ely 
si^Tci's. liotieDbusch speakt^ of these rocks as sonietiuies haviug a hoi- 
o( ry-^talllne porphjTitic ■traetore, and if we aocept the view tiiat a 
lampropliyre can eontaia ftldspar phenoor^s, this variet}' of the 
rook would bet^tpe^ignrfife porphtfrti. The occurrent-e of a lamprophyi io 
border faoiee of an intruded diorite is of great interest. The tyjie, 
which is purely lamprophsrric, without pbenocrysts, is in places qnite 
gneiswid from a parallel arrangement of the comiK)nents. What the 
qnatititativc relation of tlic facies which is jiorphyritie bpars to fliat 
which is not, could not, from the nature of the outcrop!^, be ascertained. 

APUTB8. 

All (lortions of the rock masses oomposing Togo Peak^tiu nuge 
heavy bla< k kncdis. monoliths, and tnassfS of shoukinite forming tlip 
westeru end, the mas><( .s ami rock heaps of mouicouite funning the mid- 
dle portions, and tiit^ platy debris and slide-rock areas of the banatite* 
like syenite of the eastern shoulder — are everywhere cut by narrow veins, 
or rather dikek'ts, if they may ho so termed, of a light colored aplitio 
rock, lu places tliese veins are very numerous, and as they resist 
weatihering mneh better than the basic rock which they enty tliey are 
likely to project as ribs or slight ridges on the rock faces. The cut 
sht»wn in tig. 7'? is a drawinrr of a rock slab about 3 feet square, approx- 
imately drawn on the si alt- of .A., and this shows how numerous the.se 

> KnijttlTgMtcioe Kri«tiaii<«K<''''*l'°'<: HI, Ouu|^erol(;e de* JLaanUUt*, tt-Mt. 
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little dikes are. Tliey vary in width from a fniction of an inch to ]ierliap8 
2 feet or more, and their length can not be told. They clearly repre- 
sent a later intrusion of more acidic feldspathic magma after the main 
masses had i-ooled, crystallized, and broken through contraction into 
innumerable fragments. 

These dikes are comiwsed of a fine-grained nouporphyritic rock of a 
pale-red color. Under the microscoite it is seen to be composed of the 
same minerals as the syenite and monzonite which it cuts; that is to 
say, palc-green diopside surrounded by mantles of common green horn- 
blende which appears paraniorphic in chara<'ter, shreils of biotite, a very 
little iron ore and apatite, a very small amount of oligoclase, a soda 
orthiKsIase, which is the chief mineral, and a little interstitial quartz. 
The structure is granular allotrioniori>hic or ]>anidiomorpliic, liS one 



Fio. 73.-K«. k Burfiiw »t Yo«o Peak, thawint Components as 1:6; that is, 20 per 



of the latter, which in this cAse is almost entirely so<la orthoclase, as 
the amount of ]dagioclase is very small, not nearly so great as in the 
banatite. 

Jianaiite-apliie rariety. — In one of the dikes the rock contains dark- 
ooloretl angular iuclnsious which, so far as can l>e determined, seem to 
consist of fragments of the more basic shoukinite-like rocks through 
which the magma has pressed upward. This dike is also of interest in 
that, like the banatite, it C4)utains a lar^'e pro|>ortiou of plagioclase, 
and the feldspar minerals have the same tendency to a square, tabular, 
idiomorphic form. Between these the minerals, orthoclase, and qnartz 
filling the interspaces are rather finely granular, and there is thus a 
tendency to a porjjliyritic stnicture. The diopside has almost wholly 
given pliice to hornblende, and it is indeed an interesting fact that the 
diopside in the Yogo Peak rocks changes into hornblende in direct 
ratio with the increase of silica. 

The Yogo Peak massif is also cut by dikes of granite-porphyry, but 
these are mentioned iu connection with that rook (p. 502). 




chooses to regard it, characteristic 
of aplitic rocks, tvhere the grains 
arc of general isometric character, 
without distinct crystal form and 
nearly of a size, fterhaps 0.5 mm. 
in diameter. 



The iron ore is a mere trace, the 
iron appcaringalmost wholly in the 
ferrouiagncsian minerals. These 
latter areiii projmrtion tothe white 
comiMnents about as in the bana- 
tite-like syenite of Yogo Peak, iu 
which the dark are to the light 



aplitr dikeJota. 



cent of the former to 80 inir cent 
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The crystalliue schiats aronnd Neibart below the Belt quartzite are 
ill many plaees filled with granitic injeotions which appeared M dikes, 
etc. In the severe dynamic pretwuret end Hhearing to which these 
rocks have been sabjeeted, these igneouM rooks also have snrtered. 
This is well illustrated by an aplite from near the Moaltou mine which 
bee teken on e gneiesoid straeCure. When the thio eeotioD of one of 
these is studied under the microscope, it is seen tliat the minerals no 
longer hav«? the forms charaetpristio of thpm in unaltered igneous rocks. 

The quartz 18 strewn out in angular fragmeuts, which extend in long 
linee, end the lerfer pieoee have m nndohrtocy estinetion, ehowingopti- 
cal strains due to ]»rcssiirp. The alkali feldspar also shows < «'rtaiu 
peculiarities. It is mostly a microcline, but the grains, instead of being 
either orthoolaee or microcliue in clear, well-deflned areas, each as, for 
instance, one finds in many rooks, like some of the elnolite-syenite of 
Litchfield, Maine, are iiidefliiitc and indcti'rniinate Itetwcen orthoclase 
and niiorooline. Some larger grains of feldspar extinguish uniformly, 
are nntwinned, and appear to be homegeneons mthoohMe and remnanto 
of larger oijstala, perhaps phenocrysts. In others, however, there is an 
uTi<liil:itory rollinjr prtiiictioii which is much like that in the quartzes. 
Unlike that in the quartzes, however, it oilen starts from oertaiu spote 
and rolle in eeveral ditectione, and one may trece sneh areas into those 

weakly defined mierocline, and these into more ))erfe<:t material. Yet 
the raicrocline it^^elf is never shiiri>, clean, and well defined, as one finds 
it in pegnu^ite dikes; it, too, has a rolling extinction. These transitions 
ooenr notonly in different grains but in tiie same grain, and every gra- 
dation may be traced in snch a grain, ftom homogeneous orthoclase into 
areas of undulatory extinction, and from these into the inirroeline.' 

Origia of the microcline. — The whole appearance of these two miner* 
els is sneh that one fbels fiMioed to believe that thefiddsperean nothe 
in its on{?inal condition, but has suffered a change of some sort — that 
either the orthoclase or tiie microcliue is not Uie original mineral. More- 
over, the fact that these appearances occur in a rock that has been 
nneh sheared, has, of eoorae, a great tendency to strengthen tbis<9in- 
ion. th<iujrh it is not the eanse of it. At all events, it may be set down 
as almost certain that one or the other is not the original mineral, but 
wheUier tiie microcline has been changed into orthoclase, or TiecTersay 
is BOteasiy to say. Microcline occurs in aplites, but it is far less com- 
mon than orthoclase; the largest feldspars in the roek are orthoclase; 
the smallest fragments, or those most crushed, are invariably micro* 
dinsi The mi(»oeUne itself is ill defined in oharaoter, and these api)ear^ 
anoes lead to the beftef that it is the secondaiy mineral. Meie- 
over, it is a « oinniuTi phenomenon that in a variety of minerals 
twinning is prodnttHi by ]ire.ssnre, and not the reverse: and it would 
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$390 b« natand toezpeot that iu naeli a cnuhtaig process, if a sob- 
Htaiice were dimorphous, it would have its symnietrv rrducfil from a 
higher to a lower state. £veu it one believes that ortlioclase in ouly 
«ab(afcrdM»pfe nioradliiA, It woold be easy to understand that an 
extri'inelv complicated system might be reduced to a simpltT one. The 
pftioral picviileiict^ of iiiiorooliiic iti thfi erystalline schists and its com* 
moil usHociatiou witli gneissoid structure are well kuowii. In the New 
Haven area granites ooeor, wbieb in thoee plaoea where they have snf- 
fere<l dynamic metainor|)Iiism contain microcline of the same character 
as* that described above. There seems, therefore, very clearly to be, 
ill certaiu cases, some csisnal relation between the o<-currenoe of micro- 
eline and dynamie metaaiofpblem; whether primarily indooed by the 
pressiiro or (»tlM'r causes which the dynamic nietamorpliism has set at 
work, is not easily told. Its oocurrence in pegmatites and in certain 
unaltered igneous rocks rfob in alkalif S| ia of a quite different chiur- 
aeler ftom thia, and is not here considered. 

OEANITK SVKMTK-AFLlXJi OF .SMliiOP ('HKKK. 

The sheets of miiiette intruded in the Cambrian shales at the head 
oi bheep Greek, antl whose petrology is described later in tins work, 
are ent in a number of places by narrow dikes of a white frldspathie 
rock from H to 1? inches in width, which has partly the aspect of a 
porpliyry, partly of an aplite, and whose mineral character shows it to 
lie between the granite and syenite groups. The cutting made for the 
xoadwajr along Sheep Creek bas well exposed these narrow dikes in one 
or two places, and they are clearly seen riittiii;r the dark colortnl shales 
and intruded sheets of minette. The latter has a soft, decaye<i, smooth 
character in ito exposure, across wliieb the dikes break irregularly, with 
crooked courses and with very massive jointing for so small dikes. 

The ro<;k in the hand 8i>ecimen is gray, and appears like a very fine 
aplite of syenite aspect, rather thickly spotted with very small formless 
phenocrysts of feldspar whioli are not mnoh larger than the groond- 
mass in which they lie. 

Ill thin section this <rronndmass is seen to he made up of alkali feld- 
spar and quartz in a rather coarse microgranitlc structure, and is brown 
and tnrbid with kaolin. In it lie scattered small phenooiysts of olf go- 
elaae, orthodase, and green hornblende, with fewer of biotitt Tl n 
oligoclase has an average character of Ab.An,. and this mulics the 
orthoclase a soda orthoclase of the composition Orj Ab|. An analysis of 
the rock by Dr. W. F. Hiliebrand resolted as foltowg: 
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Aualggi* of ffianiU-»genite-aplUe from Skeep Creek, LiUU Mt JfflMMiM, Jfoiitaiia. 



SiO^ 

A1,0, 

KtiO, 

FeO 

MgO 

c«o 

N»,0 

KiO 

H.O— 110=. 
TiO. 

p<o. 

CO. 

MnO 

BaO 

fikO 

LbO 



J. 



Total 



w.a9 

15.09 
1.87 
1.17 
1.8B 
2.38 
3.iW 
4.91 
.60 
.39 
.•27 
.!» 
.45 
.06 
,.80 
.07 



1 

1.106 ' 

. 146 

.008 

.016 

.060 

.042 

.064 

.068 

.OSS 



.010 



I. Percentage*, 
n. MolwHitor proportiotw. 

This oompotttkm noallo dooely that of mm» of the gniDlte>porp1i7riM 

of the laccoliths of this ref^ion, as is sliowii later. From this analysis 
and the study of tlie sectioa we may approxituately calculate the miu- 
eral compoRitjon as follows: 

I'fT vatt. 

MagtiPtite 2.0 

niotit«< , 3.3 

Horiibltmde ..... 7.4 

OligorlM* 10.9 

So<la ortlioclatM 47. 6 

Quartz 18.4 

Kaolin... .*...........,....'..... 4. 1 

Caleito 1.0 

ToM lOObO 

The occnrr»Miee of this a|)litic dike, althotiph in textnre it miKht 
equally well be classed as a porphyry, is irota a geuetio poiut of view 
of great interest, sinoe we ftnd it entting the mfnettes wbioli form to 
prominent a feature of this part of the district, and itself having the 
fnniiK)siti<)ti of the great masses of acid ro«'k, the granitf {)()ri»hynes of 
tlie laccoliths of the region, while the minette has very nearly the com- 
position of the ohoaklaite of Togo Peak. 
20 cnoL, px 
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AOmiC FELD8PAT mO PORPHYRIES OF THE: liACCOUTHS, 



ThedMtiWiartiian Mid oonmqnently tiM anrmgieawiift rad desoription 

of rooks offer some 'lifTlcnltit'S. Not only ilo thoj' differ in their 

nitxle of oectirreDce geologiculty, but there are luauy traaBitiotial types 
among them, the transitioas being in several cases of much more impor- 
tuioe locally than the man eoannoiily known types of aoch rooke, wid) 
ftirthfr, these transitions occur not only in ditl'erpirt nmssps, but often 
ill the same mass. On the other hand, the dc«uription, accorditig to 
geologic occnrrence, would involve a vast amount of repetition. It haa 
eeemed best, therefore^ to deaoribe ttieioeke nnderUie headings of w«li> 
leco^rnized tyi»ea, and discuss the transitional forms under them. 

The typeaof acid porphyries occurring in the district are granite- 
porphyry, gnuDite-syenite porphyry, syenite-porphyry, iiyeiiite'dlonte- 
porphyry, diorite-porphyiy, l^iyotlifee-pocphyiy (qnarts-poipliyTy), and 
teadiyte (boatonite). 



From a geologic jioint ol' view this rock is one of the most imix>rtaut 
in the Little Belt Mountains, as it forms man^ of the largest laccoliths 
and intrasire mamnw and oompriBaa many of the abeeta and dikea. 
The large amount of material those afford for study is gronyn d and dis- 
cnssed under several types of this rock which are of local importanoe^ 
and to which, therefore, local names have been given, anch m the Wolf 
Bnttoi th« Barker, theTofo Beak, and Che Oarpenter Oreak types. 



Due of the most important occurrences ot granite-porphyry is the 
large area of Wolf Bntte and the peak aonthward from It Tbia greal 

laccolith is intrusive in the .shaly Cambrian Iwds below the Lower 
Carboniferous, whose heavy limestones it has upraised and displaced. 
The mass has been much eroded Mid cut into, so that the prevailing 
type of rock is olearly seen. It fa of a pala*gray color, of a rather dense 
groandmass, thickly sprinkled ^ith white foldspt\r idtmnr rysts from 
3 to f) mm. in diameter, with occasional ones of about 20 mm. in len$;th 
and of tabolar form; among them one sees, lees fteqaently, dark-gray 
pbenooiyata of qnarti from 2 to 8 mm., averaging 3 to 6 mm., in 
diameter. The appejirant-e of the rock is rather dull and lusterieNS, 
eepeoially the feldspar pheuocrysta, as if considerably altered; some 
of the larger ones, however, are olear, tra&qMuent, and of aaiiidiike* 
like charaeter; tiieae are nnstrlated aiid are of orthoelaaa. A very 
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few small black tablets of biottte complete the list of megasoopio 
■dBeralB. The rock eairfes ineliwiQas of a mioft'Syeoite of rathor fine 

grain which may be several contiuieti'rs in diameter. 

Under the microscoi^e the (juart/, pheuocrysts show the common 
phenomeuoti of rounding and of absorption embnymeute, and they are 
freqiMnt|7 asiroonded bj ooronin of the groaodmam. The large 
pbenociystii and most of the small ones are of orthodMe} many of the 
smaller are of oligoclase, and small penocrysts of the latter are inter- 
grown in the large crystals. The biotite is of the usual pleocliroic 
brown yarietj; a small amoant of Iron ore ie present. 

The groundmass is a very fine ^^rained mixture of quartz and alkali 
feldspar of flisttiict niicrogranitic struL-ttin', and the whole rock is thus 
Suen to be a uouimuu and well-kuuwu type; it is, iu fact, a typical 
granlto-porpbjrry In all respeota, and H te to be regretted HMt better 
iiiatprlal could not bo i nred for tlie analysis. The dull a]»pcaiaiit:«:' 
of the rock is seen uuder the microscope to be due to the presence of 
considerable kaolin, which occurs chiefly in the grouudmass, rendering 
it tarbld and brown in color. A. tttOe caldte, and probably mnBoovita 
also, is present. 

An analysis of this type has beea made by Dr. W. V, HiUebraud and 
id herewith given. 

AiMlgns of gratMt-fitrfkgrjf Jttm Wtif BmtU, LUUt Mt MommUdiUf Montana. 



SiOi W-flS 



A1,Q, 

F«,0, 

FeO 

CkO 

MgO 

N»,0 , 

lv«0 

H,0+1IO». 

TiOi 

P*Ob 

COj 

80. 

CI 

IbiO 

SrO 

BsiO , 



Total. 



H.97 
.7» 
.34 

9; 10 

.66 
S.88 
A. 10 
1.00 

.92 
.28 
.17 
.88 

Trace. 

Tntfie. 

TtM*. 
.06 
.14 

99,86 



XL 



1.161 

. 1 1.-) 
.006 
.005 
.016 
.036 
.054 
.047 



.080 
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The coiupositiou is that of a tyi»ical magma of ttie grauite family, and 
it need! no ftartber oomtnent The smoant of water and oarbonic add 

sliows (hat the rock is not very fresh; the aniouot of calcite seen in the 
seciiou would not atcoiitit tor tlic iutionnt of carbonic acid, bat as the 
rock ia greatly cracked, tuakiiig it diUicult tu ublain u lair mzed band 
Bpcetmen, and as the laoodith baa aolidifled under a heavy oover of lime- 
stones, since eroded awaj', it seems clear that these joints have be< <)ino 
filled with secondary tilins of calcite, which might not show iu the 
aectious and yet be sufficient to account for the carbon dioxide. 

From the molecular proportions given iu the second cohimn, we maj 
readily eaJeoIate the mineral eomposition to be: 

Per cent. 



Iron ore 1.13 

Blotito 3.01 

OHgoetaM IT.W 

QE«luraliM 37.48 

Qnartx 30.24 

Kaolin..... 7.25 

Calcite 2.00 

BMidue 1.71 



Total Ofl. 



The residue contains the ext: a water below 110°, traces of barium, 
Btrontiomf manganese, etc, of whieb no aooonnt has beau taken and 

which can have no imi)(jrtant bearing on the above result. TheoligO- 
clase has been reckoned as Ab Aii ,a8tlieoptical determinations, acrord- 
ing to Michel Levy's method, on Carlsbad and albite twins have shown 
ft to have that ratio of soda to lime. This proves tiie orthoclase to be 
a soda orthodase of the composition AbjOr4, and the determination of 
the extinction angle on the face (010) of the pbenocrysts made on cOeav- 
age material shows the angle of extiuclion to be 7 SO' + , an extinction 
greater than that of pure orthoolase bat not so great as many soda 
orthoclases show, which gener ally contain, however, more soda. 

Vnntaet. — At the contact witli the shaly CamT)riaii beds, as is well 
seen oii the saddle between Taylur i'eak and the next i>eak north 
of it, the granite-porphyry magma has aolidiiled as a dense, pinkish, 
felsitic loobitiff rock without phenocrysfs. It is, in fact, a typical fel- 
site of a well-known type, and as 8uch deserves no further mention. It 
gradually, as one proceeds inward toward the laccolith, changes to the 
granlte»parp hy i y mentioned. Its lack of the larger phenoerysts <tf the 
granite-porphyry is very striking: f^'id is its most interestiti;r feature, as 
it shows that these were not preseut iu the magma at the time of its 
intrusion, but wwe formed later. 

The exomorphic contact action is comparatively slight; the limy, 
^llaIy beds of the Cambrian are indurated for a few yanls, and their 
cavities are coated with small crystals of grossular garnet and 
pyroxeue; the metaaMwphlsni is liaiilar to that deseribed on page 5i0. 
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Mirea Baldy ia composed of exaioUy the Rame type of rock, but the 
mnterial showu in its otitcroi)!^ nnd sar&oe expoaniea is mach more 
altered and decayed by weatlu'i iiig. 



Ttiis is a variation of the foregoing lyite of granite-porph;yiy. It ts 
caUed here ttie Oarpaif«r Oreek tyiie, as it ocean locally well devel* 
oped M an intrusion In the crystalline schists above Carpeuter Creek. 
It is a rather light-gray rock, thickly spotted with pale-pink orthodase 
pbeaocrysta 15 to 20 mui. long, which are generally Carlsbad tvrius. 
Between them ore ouuiyeimll liicht-eolorad feldspurpbenoeryste, wtueh 
the microscope showi^ are oligoclase, and rather infrequent gray 
rounded phenoeryst.s of qnartx from 6 to 8 mm. in diameter. The gray 
groundmatiif is speckled with minute black dottt of a ferromagoesian 
mineral wliich onder tbe mtorosoope inovee to be biotfie. The stady 
of the seftiiMi add^i notliiiigof special iiitt'test fexceptiiij; a cliaracter 
of the quartz phenocrysts, to be described later) beyond what has 
been mentioned in the foregoing type. There is a recurrence, how- 
ever, of the biotlto tn the gronndmaaa in little strips, shrada, etc It 
diflTtTS from (he ])rocediiifr type chiefly in the hand specimen; that is, 
megasoupically. The Wolf Butte type is remarkable for tbe abundant 
and large quartz ph(!Uocryat8> The feldspar phenocrysts are impor- 
tant, but not so important as in the Carpenter Creek tyi>e, while in the 
latter tho quartz phenocrysts ace not abaodant. Both types have the 
microgranitic gronndmass. 

To this type belongs the lOiik of the dike which eats the limestone 
forming the bench north of Gold Run and near where it enters the 
main stn^ani at Barker. The rock is of a brownish-gray color, and the 
feldsiiar.>4 and qnartz phenocrysts are maob smaller than in the preced- 
ing type. It oontains hornblende, both as phenocrysts and in small 
prisms in the groundmass. Under this type come also the heavy 
intrusive sheets in tlic ("amhrian beds, and just at their base, on tlie 
Sawmill Creek branch of iielt Itiver. The road from Neihart to White 
Sniphnr Springs passes np this creek, and its cattings have exposed 
the igneous material. The rocks are light-colored porphyries with abun- 
dant plieiiocrysts of Mdspar and less abundant ones of quartz. The 
same may be said of the dikeb cutting Yogo Peak, and of the dike on the 
divide between Yogo Peak and Big Baldy Mountain, which oconrs a 
little dista\ioe sontb of where the heavy talus slui>es of Big Baldy 
Mountain reach the divide. The intruded sheet at the base of the 
Cambrian, which is exposed at the head of Dry Fork Belt Creek, on the 
spur ramiing netthwaml teem Big Baldy Mountain, althongh somewhat 
deflcieut in quarts and'inclinlng toward the ajeaite-porphyvles, seems 
best placed here. 

Strniotwre of quartz phenocrysUi, — In the granite-porphyries which , 
have been pvevlonsly deaeribed, eapeciaUy in those from Wolf Bntte 
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and Snoir Oeeak, whieli haw hurga ta food«Iaed phraocTysto of qnnti, 

a ( urioua atrncture has been oliserved. It is a multiple iatricat* twin- 
uiug. seeu with crossnl nicols, by \rhieli the qnartz of the pbenocrysts 
looks alfuost exuvtly like » mici-ucliue, but the atructur«3 is niuuh liuer 
tiian Id tbe feocrality of mkRwIineB; it baa tha aama baakafr-work 
iipiX'iiranfP. The (liflTerenco. in birefringencr- botwfen the parta is less, 
however, than in mtcrocline, and the phenomenon of twinning is faint, 
aa in leucites. Not every pheuocryst in a section shows thia— only 
tta lafgar onm. That fha material is really qiuuix la abown by ito 
form— that of the dihexagonal pyramid — the embayed character so well 
kuown in qoarts ptuwocrysts, aiul its uniaxial positive oharaeter, all of 
vbicih bava been abaamd on ciy^iala ehowing thia twinned atraetnre. 
I have been aUa to find no nftrence to anytbing aimilar in tbe litera* 
tare, and can anggeat notiiing pJaosibto .to aooonnt tar tbia oozkKia 
Btarncture. 

YOOO nAX. TTPB* 

Tbia roek forms a great maaa on tbe divide mnning east from Togo 
Peak. It begins in the saddle just east of Togo Peak proper, the 

Byetiit^' of the ♦■astern part appearing,'- to merge frradnally into this 
type. It is feldspathic, light colored, dotted with small amphibole 
priamei iti obief ebaraoterietio, bowever, le that it la very porpby*^ 
?itiOf with large equidimensioual feldspar pbenocrysts. These resist 
wcHtheriiij,' better than the prroundmass and project, giving the rock a 
rude resemblance to a conglomerate. In tbe saddle mentioned many 
of them have fallen ont and form a roogb gravoL 

Microscopic chnractera. — In thin section the microscope discloses the 
following minerals: A.paHte, zirroti, titauite, hornblende^ iron ore, bio> 
tite, orthoclase, oligoclase, and tjuartz. 

Tbe apalite and stroon are fonnd in ooeaaloaal email graina, aaaalljr 
embedded in biotite; titanite soinetimert occurs in well-formed crystals, 
but \)i more likely to be in irregular masses, and it commonly aooompa* 
uies the hornblende. 

The hornblende oocurs in irregular, shredded, broken erystols, which 
are often anhedral. Its angle of extinction is small, its pleochroism 
goo<i, but not strong, with c=blaisb green, b=oiive green, a=greeni8h 
yellow, absorption c > b > 3X« 't oontalna titanite, iron ore, and bio* 
tite aa inelnsions, and some otyataia are hollow and contain piaeea of 
qnart?: and feldspar of the ^^roundniase. 

The biotite is the usual dark-brown, strongly pleochroic variety found 
in granitfo Tocks. It \n usually in good crystals. Its period of forma- 
tion appears to follow the hornblende. The actual amount of both 
hornblende and biotite is comparatively small, and they are Strictly 
aooessozy minerals, as biotite usually is in granitic rocks. 

Following tbe biotite and hornblende in the order of orystallizatioa 
' eomea tbe ollgodase. It Is found in short, broad tablets inclining to 
oolomnar forms on the a axis, and sections across these are perfect 



Digitized by Google 



CHUnnr^-FOBFBTBT. 



•qiMw; it i% tiienlbc6» qidte idioiiiotphie. Itnwgesftom 1 to2mii. 

in Icng^th, and is a rather abundant plir-nopryst. Tt is always twinned 
according to the albite law, often tuilowiug that of the Oarlsbad; a 
few pericliue twins w«re seen. It varies iu composition from Ab^ Aui 
to Ah, Adi; tiMMf a section oriented in the lone perpeadicolar to 010, 
and shnwin^r a ncfrativc bisectrix centered in the field, pives extinction 
angles of 0° for botli sets of albite lamellw) the section is xoual and 
the outer sooa extinguishes at SO; the equal illumination between the 
two is prodaoed at a little over 40^, and we have hera^lbllowin^ Michel 
L^vy'n tables, an oligoclase with from 1 "i ro 20 per cent An. The par 
allel extinction of numeroua other sections in this zone oonhrms this 
detenniiMllon. 

By far the moot abaadant mineral is the orthoclase, which oeonrs in 
phenocrysts, from examples 2 or 3 mm. long. nUmt < oliminnr on the A 
axis, and showing the lormsc (001), b (010), m (110), and x (101) or y (201), 
down to individiukls 1 miD. long and lesa pctifeet in form. The largest 
flwBoeryeta, while not abundant^ eve taUier ragnlarlj sprinkled thvongh 
the rock. 

The determination of the mineral as orthoclase rests on the fact that 
is aeetkma parallel to b (010) an obtose poaitiTe Meeotrix emerges and 
the plane of the optic axes lies at 8^ flNnn the trace of c (001) in the 
obtuse anph' /v. Sections perpend icalar to the lu'irative 1>isef trix show 
a rather iarj^e angle in air (and therefore not eja.uidine), and the extinc- 
tion is rigidly parallel to the trace of c(001). The mineral is quite 
ftcsh and clear. 

Quartz occurs only very rarely in such a manner tliat it may be said 
to rank as a pheuocryst; it then occurs in irregular areas with projecting 
tongues and small ftinges of attendant quarts with atmllar orientation. 

The ^'rt'TTTidmass, compared with the total bulk of the phenocrysts, 
is rather small iu amount; it occupies mostly the augalar interspaces 
between the phenocrysts, is rather coarse, and has a microgranitoid 
itrocture; it is Chiefly composed of quartz and alkali lUdspar, with a 
very subordinate amount of oligoelase. Tlie quartz frrains are very 
likely to be dispoeeil like beads around the largest feldspars. 

AlnMrturs <md tiauifioaUim. — ^The dominant character is given to this 
type by the great abnndunce of the phenocrysts, the small amount of 
gronndma^!^, and the gradual passage of the ijh^^'inn y'*ts by graduation 
in size into the groundmass. The structure is theret'ore really a trauai- 
tion between the hypidiomorphic strootnre of granular abyssal rocka 
andtbe typical porphyi it ic Htmctnres. A striking feature is the routed 
granular, idiomorphic character of the quartz grains in the ground- 
mass, which latter, indeed, has the aspect of a rather fine aplite. 

In normal position fhia rock must stand between a typical granlte- 
porphyzy with eharactoiitic quarts pheiM>cry8t8 and abundant qtlMfta 
in iti^ ground ma«s and a syenite-porphyry devoid of quarts phanooryats 
and with little to no quarts iu the groondmaas. 
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"With respect to its feldspar ooustituents, the alkali one so jilainly rules 
that the rock t;Ieai-Iy belongs in the granite-syenite series; it does not, 
however, belong to the alkaline funily, but to tb« one approaching 
fhe dioiitea. If BriSgger's groap of monzouites, that is orthoclaae- 
I>lagiocIase rocks standing between the alkali feldspar series and tlie 
soda-lime feldspar series, be taken into acoouut, then the t^>-pe just 
dMoribed stends midway betw«en tb« alkaline seriei and the laoiiaonftM 
(adamellite). 

Transit ion forms. — This tyi>e, by simple decrease of quartz and 
increase of other constitueuts, goes over locally into subvarieties which 
may be properly termed qnartz-syenite-porphyriee. One notioea fhis 
first by the loss of quartz as a phenoeryat aad its entire rastriotion to 
the groundniass, by whieb it becomes very snbordinate in amount. 
All the other components remain tlic same, and the gradatioual type 
needs no fbitber mentkm. Tbongb somewhat eoaraer grained, it is 
extremely Kitnilar to the tyyte composing the great mass of Big Baldy 
Mountain, elsewhere described. For this reiison do analysis of it has 
been made. It is the typ« which geologically borders the syenite of 
Togo Peak jumper. 



The rocrk coMiir>osing the great laccolith of Mount Barker is a granite 
porphyry, but of difl'erent character from the typical one of the Wolf 
Butte and Mount Mix laccolithic masses. It is a grayish porphyry which 

appears rather granular, 

A-.. ^ . dotted thickly with feld- 



rock is well sprinkled with small, dull, black spots which are an altered 
ferromagnesian mineral. Quartz as a pheuocryst is almost entirely 
wanting, and fhis ia fhe moot marked ftafnre in eonfrast with the typi- 
oal granite-porphjrry of Wolf Butte. 

Under the microscrope fhe stn tions show phenocrysts of ortliocl.ise 
and oligoclaseof the composition approximately AbjAui lying in a quartz 
and alkali ftldspar gvonndnuuM. Then is a litlle iron ore, some fiesh 
Inownpleochroicbiotite, and pseudomorphs, in part of chlorite and mus- 
covite after biotite, in i)art of serpentine, iron ore, et«., after hornblende. 
Id some sections the amphibole is fresh and of the usual columnar 
form and olive-green oolor of oommon lionildende. When it incnases 
in amount, biotite diminishes, and vice verttk When most abundant, it 
is accompanied by occasional small, well -formed crystals of titauite. 

The gronudmass is an interesting feature. It is somewhat variable 



BABEXB TTPK, 




spar phenocrysts from 5 
to 10 mm. long and of tab- 
ular habit, with occasional 

scattered ones three t<> five 
times as large. These are 
nnstriated and of ortbo- 
olase. The smlhee of the 
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in itB degree of graoalarityf bot is always microiioikilitic, aud in tha 

type analyzed from the snmmit of the monutiin ft i.s ratlier roaTMi 
When examined with a high power the small feldspar graius are aeen 
lying embedded in 4eld8 of qoarlz, each of whicili forma one qnarts 
eiystal, while the feldspar lias no orientation. TliAre are a ftwoleftc 
areas of qnnrtz which might almost termed phenocrj'sts. 

Que of the large orthoolase phenocrysts in the sectionn is of interest 
aa il ohanoes to be a MsnelHicb twin eat almoet exactly parallel to ib» 
faoe 010, and it sh' ^ ^ i lie xelntions exhibited in fig. 74. There are two 
lines of {iiowtli clearly revealed by a sliarp line of tiny iiiclnsions 
and by a slight but perceptible didierence in optical properties, the 
oater diells eztingaialiing at perlutpB half a degree to a degree greater 
angle than the main inner portion, iiulicating probably an increase in 
the nlbite molecule. That the nlbiti- iii'thculf! is prrsent is indicated 
by the extinction angle of 8", and tliiu lij cuniirmed by the aualyaia of 
the roek. It ia interesting to notioe tbat tbe mineral shows a good 
parting parallel to the prism, as indicated in the Agnre. 

An anulysis of the rook has been made by Dr. Uillebrand witli the 
results here driven : 

JnaljftU of granite-porphgrj/ Jr<m Mount Barker, Montaaa, 



8IO» .. 

AUO* 

Fe^O, 

FeO 

MgO 

CaO 

Na.O , 

KtO 

HfO — Itoo 
H,0 -I- llO^ 

TiO, 

1%0» 

80» 

CI 

MuO 

BaO 

foO 



Total. 



68.60 
16.18 
9.» 
.44 

.n 

1.96 

4.37 

*.m 
.» 

.58 
.32 
.18 
Timet). 

Tram. 

.■ri 



1.143 
.106 
.013 
.006 
.018 
.€M 
.070 
.062 
.011 



.004 



II. Molawilur proporttoM. 
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From this nualysis we may reckou, using the molecular ratios given 
in the second colnmu and taking into account the relations and kinds 
of minerals seen in the section, that the rock has approximately the 
ftllowliig oompositioo : 



IroB on 1.4 

Blotlte 4.6 

OligodaM 28.6 . 

Ortboolaae 36. 2 

QoArta acka 

BonklndA and alinatiaii ]WQdii«li, 7.0 

Total im.0 



This alteration material oomprises th« oMorite, serpentiiie, eto., and 

D^be regarded as the residue; the figure given is not very aecnrate, 
Init oan not be £ar &om the right , amount. The oUgoolaoe is reckoned 
•B A1»>An„ as shown by the miexNoope) tfao ortlioolaBe by Ada reokoii> 
ing becomes, as an aTaragef ezaetly (iTiAbi, mA nuat therefore be 
mainly a soda ortboclase. 

The peculiarity of this type of graoite-porphyry lies in the £act that 
with BO abundant qoaite there Is none appearing In deflnlte pheno* 
crysts; it is all in the gronndmass. Here, however, it is so abundant 
as to condition the poikilitic .structure, and in fact, at first sight, the 
hand specimen appears granolai-, utuch like an aplite. Stody with the 
adoroaoope shows qs^ boweTer» tbntthe gndna are leaDy qnaita ^nges 
filled with anoiiented grates of orthoelaaa 

nraxDaa MoenTAnr. 

The porphyry composing the great laooollth of Thnnder Mountain 

also comes under the head of this Barker type. It is a Ilght^Mtored 
rock, thickly dotted with numerous phenocrysts of feldspar, which 
occasionally attain largo size, and with small black spots of hornblende 
or shining Uotite. The roek appeara qnite fresh and nnehaoged| in 
the enormous exposures on tile mountalD aide it oooon in large platea 
and rhomboidal blocks. 

Under the microHcope this tyi>e appears like the preceding; it con* 
BiBtB of iron ore, apatite, biotite, hornblende, plagioelase, orthodiaset 
and quartz. 

The biotite, of the usual brown pleochroic t.\ [je, is quite idiomorphio 
and moderately abundant; the hornblende is the olive-green variety of 
oomnum hornblende. It ia la eolnmnar crystals dedned by the prism 
fnce.s. A few resorptions and alterations to augite ( f ), iron ore, and 
biotite were seen ; in these cases the biotite is on the outer boundary, 
where the magnesia of the hornblende has come in contact with the 
potash and alumina of the feldspar. The hornblende Is mote plentifU 
than the bintifr. Tltc ] lag'ioela.«<e is variable; some of the phenocrysts 
are of audetiiue, aome ot basic oligoclase, some are zouAUy built; there 
ifl very little in the gronndmass, md that appears to be oligoclase. 
It is not exactly eaqr* with these varying data^ to determine what the 
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PLATE LXXIV. 

Thin' Srotioks ok Olivink asu Oranitk-Porphtrt, 

Af Bo o r l wd oliTiiM in •bonklalto ot Togo F&ak. Tho oeotnd «or» of yoUow 
and liUek fa the teBaaaat of tfae olf rlne (now aJtsrod) ; aronnd this fa • band of llg'ht* 

lirowri fDstiitii*! ^'raniiles, imd untsiile of tliis anotlii-r liand of Kr''*'!) lii"titc; tlio 
whn]« Burrouudml l>y white orlhoclaae, trith one or two grains of green augite and 
Inown biottte. Actnal afaa of ioM, 2 nun. ninltlpUod hf 96, matim aoan In poUrlzod 
light, nncroBBcd nicols. 

B, Granite-porphyry of Thonder Monniain. Ferromngnestau minerals, green 
hornblende and brown liiotite, boen with uiKTOsaed niroltt; ma^^ni tito dark blue. 
OrthoolSM, plagiivcloso, »ud «i.vuirtz seen with croeaed nicola. The grooudiaaaa haa • 
aaioropoikllitle akniBtaca. Aotoftl dse of field, 9 nun. multiplied 1^ 38. 

«8 
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ftTtrage plagioolase iS} fbr tlie paipoee of ealenl»ting how mnoli of the 

albite molecules shall be assigned to the anorthite and how much to 
the soda orthoclase. After careftil study of the seotiona antl e.^tima- 
tioa of all the data at baud, it is determiued that it mast be very close 
to an oligodase AIhAdi ; It oertainly rans in some eases into andeeinef 
and it may thus bo that tliu weight of plagiodase as reckoned is toa 
great, but probably not very much. 

The orthoclase presents the same featares as those described for the 
fock from Mount Barker; its extineclon angle on 010 is SP to wbleh 
indicates the presence of RO<!:i,aiHl tho calculation of tlic analysis shows 
that it is OrjAb]. Beaides tha usual Carlsbad twins, Mauebach twins 
also occur, as shown in lig. 74. The orthoclase forras the largest pheuo- 
czystSy the plagiodase is likely to be relatively small. 

The grontuliiiass consists of alkali feldspar and quartz, with a little 
oligoclase. The structure is prooounoedly mioropoikilitiO} with quartz 
as the oriented cementing mineral^ it is oonidderably ooarser in grain 
than the Mount Barker rarietyf and the quarts sponges are much 
larger, but the eiVfvt is the satne. An pTideavnr to show this groond- 
mass with its poikilitic groups has beeu made in PI. LXXIV, B. 

As this rock appeared much fresher than that from Mount Barker, an 
analysiij of it has been uia<le l>y Dr. TT. K. Btokes^ of the United States 
Geological Surrey, with tlie following resolto : 

Jnalifiiii of granite-porpk\fr^ from Thtinder Mounifiin, MomUtna, 



&iOt 

AVO, 

F0;Oi 

Vi-O 

MgO 

CftO 

N*,0 , 

K,0 

II.O — 110^ 

TiOj 

V:(\ 

SOj 

CI 

MnO 

BuO 

SlO 



Total 





«• 


07.44 


1.194 


lBw78 


.18S 


1.68 


.010 


,85 


.012 


1.43 


.035 


2.W 


.013 


4.11 


.066 


4.87 


.082 


.» 


.018 




.088 


i 




Trace. 




Trace. 




Tk«ce. 




.24 




.09 


1 

1 


100.32 


r 



1. T'ercf ntagf«. 
ii. Molecular proportiooa. 
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The oorrespondenoe in ooaipo«tti(m between this and the Barker Toek 
is very close — they are rather towia lUiaai and In fhia zeapeot ^proaidl 

the syeuite- porphyries. 

From the table of molecular ratios giveu iu the second columu, aud 
iddedby the atndy of thetiiin seotkn, we maj ealenlatethe apprmdmate 
mineral oompositdon to be— 

Per cent. 



IfauiU'tito 2.4 

Uorablttode...... 3.6 

Bllktlto J.0 

OligocliMc 28.9 

Orthoclase 42.8 

Quttte 20. 4 



TMsl 100.0 



The above composition places this rock in the irrnniti' porphyries, 
flmigli the lack of quartz pbeuoorysta gives it a teudeticy teward the 
sjrenltes. Tt also has a tendeney toward the diorites, and eleady does 
not belong in the alkaline subdivision of the granite group) but at the 
head of the granito dioi itic family. LiiKVTrf>n.' who has previously 
given a description, but no aualysiBy of this rock, called it a dacite, ae 
Ita age was supposed to be poetpOfolaaeoaa aod the proTallng mettiod 
of dasnfloation at that time being based en the character of t he feld- 
'spar phenocrystK, and as these are inorennmerons than those of ortbo- 
dase, it was naturally classified as a dacite. When, however, one has 
an analyais to oalealafee from, and the rook incinding the gronndmaas is 
considered as a whole, tiien it is seen that ortbotdase predomloates, as 
shown above. 

If the lack of quaru phenocrysts be taken into account in the classi- 
floation, such rocks as these might well be oalled graoite-sjenits- 
porphyiiss. 

TIGKR BUTTB. 

The rock eomposiug the laeeoUtii of Tiger fintte is of this type; in 
the liaitd specimen it is scarcely to be distinguished from the Thnnder 
Moantiiiii rock; in thin section itis exactly like the Barker tjjrpe^ and 
needs no further meutiun. 

Illli UALIiY MOUMTAIK. 

The rock oompoeing the great laeoolith of Big Baldy Mountain 
appears to belong in this group. Like those preceding, it is light ool- 
ore<l, fehlspatliic, with numerous small phenocrysts of ol!u''>c!:».se, alsso 
some of orthoclase, with occasional large, well-formed idiomorphic crys- 
tals of <Nrthodase np to an inch or more long (16 to 25 mm.) wMoh diow 
the common forms c (001), h (010), tn (110) and y (201); they are often 
Carlsbad twins. The groundnif^'^s is dotted with specks of fianomag- 
nesian minerals which never atuiu large size. 

The nlcrosoope shows in addition iron ore^ tltanite, apatite, horn- 
blende, biotite, and quartx. 
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The honibTende fa s »ther onriotis pa]« iMtherbfovn variety, very 
slightly pleocLruic, of very low birefritigenco aud small extiuction angle. 
Tlu' stnrty of flie itl ipfioi-lase shows it to be a rather basic oligoclase of 
the average cotu|joi»itiou Abj Auf The orthoclaae is uot ooly a soda 
orthociMe, bat is ftill of mioropertliite growths of albUo, and tte pateby, 
flanedf nnhumoi^eneous character exhibits the considerable amoant of 
soda i>resent. Tlie calculation of the atmly'^i-s in fact shows flio nvcr- 
age of ttie alkali feldspars to be Ur^ Ab^. The groaadmass is of alicali 
ftldspar and quartz^ vbich is lafher ooame and in ft mierognmitio 
■traotare, at times apprnachiog to a mioropoikilitio ona. The analyifri* 
of fha rook by Dr. W. F. BiUebraud gava tha following reeolts: 



SiOj 

A1,0, 

PeKH 

FeO 

MrO 

C»0 

Ka.0 

KsO 

H,0 — 110". 
TWh 

P.o 

MnO 

BaO 

8K) 



Total 



67.04 
15.25 
l.« 
1.13 
1.75 
2.17 
4. OS 
5.10 
.51 
.56 
.90 
.21 
.05 
.» 
.OS 



XL 



1.117 
.14S 

.ou 

.016 
.043 
.039 
.006 

.064 
.028 



I. Peroentnges. 
U. M«laeiilar 



As in the formar c an a, by nsa c£ the molecular ratios in oooneotion 
with tha flu»tB disooTered in tha thin section, we may oatonlata the 
^iprojdmato eomposition of the nek to be— 



Apatite, tttudtfl^ sto. 1.0 

Magi>«Ut» * 3. 4 

Biotite 3.3 

Homblende 4.8 

OligorlMO 33.8 

OrthocUwe 47.0 

llnarto. 19.4 



TMAl. 



100. 0 
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This ia veiy rinilar in oompooitkMi to the rook of Thnoder Monntaiii. 

As previously remarked, none of these rocks are tO bo considered 
typical graDite-pori)liyries, since they lack quartz phenooryf^ts and tlie 
quartz piosent is only discovered under the microscope. They approach 
doMly to the ayttnlta^poiphyries, as pfeviously temarkedt and might 
be tanned gnnite^syenite-porphyriea. 

GRANITE-SYENITE-PORPHYRY. 

TiUinglut4t laccolith. — What has been previously stated under the 
desoription of the granitO'porphyTy of Big Baidy Moontain, in regard 

to its transitional character, becomes still more evident in the case of 
several other occnrrences. Thia is well illnstratod in the porphyry 
composing the large laccolith jutit suutli uf Thuiidei- Mouulaiu aud 
lying between and di«ined by the heads of Tillinghast and Tenderfbot 

creeks. 

It is a grtiy feldspathic porphyry, thickly spotted with small feldspar 
pUenocrysta and small black dots of mica and hornblende. It lacks the 
large orthodase phenoeiyats vhieh dtsttngniah the previoos typee, and 
has also none of quartz. 

In the section it appears that orthoclase aud oUgoclase are about 
equally divided in the number of phenocrysts. Hornblende is quite 
ooounon, in well-formed prisms of the usual olive-green color; biotite 
is less abundant. Thc.«c jtbenocrysts lie in a niicrounatiitic ^^rotnid- 
uass of quartx and alkali feldspar of rather hue grain. It is notice- 
able that the qnartz is qnlte idiomorphic, its sections fimnlsliing little 
squares; in amount there is far leas of it than iu the preeeding iTpes^ 
and the rock is tlu i efoio classed mukr the transition types. 

8age Greek Mountain. — Under the tyi>e previously described should 
be indnded tiie igneoos roelc of the laeooUth at the head of Suge Oreek. 
The road passing over the divide at the head of Boar Park uml down 
Sage Creek tlirongh the limestone canyon, i)as.ses the edge of this lacco- 
lith and aflbrds excellent fresh material. It is so similar to the rock 
jost deeeribed that it needs no ftirther mention. 

Jalnwrre nheets. — Intrusive sheets of jiorphyry at the following locali- 
ties may 1h> under this type: In the Oamhriaii beds at the head 
of dawnuii Lrcck branch of Belt Greek, crossed by the roa<l to White 
Snlphor Springs; in the Cambrian beds on the epnr between Harrison 
and King creeks, where its exposure forms a mass on the ridge; in the 
Cambrian shales and Devonian beds on tho northwest side of upper 
Dry Wolf Creek, where the suocessive sheets form a series of benches 
on the wooded hillsides. 

There is sninc' variation amoiip those tyjies. In some tliere is a tend* 
ency to a raicropoikilitic structure in the grouudnmss, the amount of 
quartz being too small for a full expressiou of the structure; in otliers 
the feldspars of the gionndmass tend to assume lath-shaped Ibrms and 
prodaoe a transition toward the orthophyres mentioned later. I^early 
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all of these slieeU are grerttiy altered and decayed, the former ferro- 
magnedmi mineral being indicated by psendomorphs or msty spots. 
Some have biotite alone, others biotite and hornblende. The feldspar 
phenocrysts are asnally sinall. considerable oli^'^oclMtp is present^ and 
the rocks show teudeucieh toward the diorite group. They are none of 
diem «f tbe alkaline aeriee. 

SYKNITE- PORPHYRY. 

In several localities in the Little Belt Mountains there are intruded 
sheets of a rock which is beetclassified as a syeuite-porphyry. Although 
tiienare small diflferenoeB in texfennand appeantnoe among tbe rooks 
from the different localities, such are of minor importance, iiiicl on tlio 
whole the different specunens reeemble oue anotlier in a quite remarka- 
bla degree, so tbat one deaeription win do for tbem aU. lu the hand 
specimen tbey are purplish or chooo]atei490lOEed loeks, dotted with 
niimprons vpry small wliit<» fflrtspar plft^tocrysts, which are formles-? in 
shape, and with many phenocryst^ of slender, dark, blaokish-greeu 
solnmna of bomblende. Tb» feldspan average aboat 2 mm. in diame> 
ter, the lioimblende prisms 5 mm. is length. 

Th«^ ^ronndinass becomes fjrannlar under ihe lens, and its purplish 
tone suggests the keratophyres of several tbreigu regious. All the 
dilfiHrent localities fluniBh material more or less altered, and in all the 
rocks are rather doll and losterless. 

In tlnn section they are seen to be composed of phenocrysts of ortho> 
ciase and ollgoclase, which are of the common hiU>it seen in such por- 
phjrries, embedded in a gnmndmass of alkali fMspta with some quartz. 
Hornblende also occurs, of the usual olive-green pleochroic variety 
found in the syenitie rocks of the group rich in lime and magne?iia. 
The slructui*e ul' the gixjuudmass is micrugrauitoid. The feldspars, 
which are often twinned as 0arl8badB,are in abort, broad forms and show 
Hometimes a tendency toward a trachytoid structure, t^'nding' to throw 
the rocks into the orthophj're grouj). At all times this (xrouudmass is 
richer line in its granularity. The quartz in minute grains fills the 
interspaces in the gnmndmass, and it sometimes appears partly second* . 
nry in i liaraetor. The feldspars are more or less turbid from the pres- 
ence of kaolin, especially in the grouudmass, and the hornblendes are 
in some p9aoes altered to calcite, oblorite, and perhaps serpentine, and 
there are some fine calcite particles scattered throogh the gronndmass. 
A little biotite, often changed to chlorite, with iron ore, and apatite 
completes tbe list of minerals. 
30 axoL, PT 8 ' 93 
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Au analysis of tlie fit^tilioiit of theue rocks lias beeQ made by Dr. 
Hillflbrand, wtth IImm rMulte: 



I 

SiO. 

A1,0, 

Fe«Oj 

j FeO 

I MgO 

J CaO 

I tuo 

j ILO — llOf, 

TIO, , 

P*0» 

COi 

MnO 

B»0 

SrO 

tliO 



CMitltiwal. 



It. 



1G.42 
3.46 

1. «6 
1.04 

2. 17 
4.57 

Swill 

.3X 
.40 
.IS 
.77 
.08 
.41 
.10 
Tra«*. 



.ISO 

.015 
.027 
.046 
.044 
.073 
.041 
.077 



.017 



100.08 



I. Analysis of syeuite^porph^ of rock fruui rid^o botwvvu Big Ualdj Monutaia 

«bA Yoga Peak, 
n. Moleeiil>r proportiopa. 

The lo^ity is on the ridge bet ween Togo Peak and Big Baldy Moan- 
tain. Thp roric is froni an intrusive sheet whose exposnro forms a cap 
on the ridge. The 1.7d iwr cent of water shows that the rock has sof- 
fsred toue alteration, and this ia coiillniMd hj a ealealation of its 
ttlnotal ohaneter, wbich giToa approximately tbe following nlatioos: 

Faromt. 

Iron on A.5 

Horoblond* 8.4 

Oligoclaite 10.8 

Oriboclst* 52.7 

(tmrU 11.5 

KMlin 0.6 

CalritP LT 

Biotite, chlurit«, apatiU?, etc 1.8 

Total 100.0 

The uliguolase is reckoned from the study of the aeotioa aa Ab4AU|, 
and from this the alkali Mdapar or orthooiaaa averafoe a aoda ortho* 
daeeOrsAbs. 
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Otlif^r Ini ulities for tlu's*' rocks besidps tho nno jnst niei)tionc4l are 
the sheet, j>erhapa 10<> feet iu ttiickness, intraded ia the Oambriau beds 
at flM hoad of Belt Oreek, abont 6 miles or lo sboTO IleiliarC, fomlag 
■ome hftavy outori>ps aiut talun slides close by the stream, aud alao ia 
the Carnl^rian beds on the Bawmill Creek branch of Belt Creek below 
the heavy sheet of granite-porphyry at the winding of the road. TIub 
•heetisaboatlOfbetintbielciiesa. 8«reml sbeets of this rook are alto 
exposed on the crests of the spurs lading down from the ridge between 
Togo P«j»k aud Big Baldy Mountain into the extreme head of Belt 
Creek; the rocks are sometimes quite fine-grained and dense, with platy 
pwrtiDgy and in that caae ofgray color. Although somewhat diffBreiit» 
on account of the tiner grain, they are best phu;ed under this type. 

KingCri d rntnixirr^. — At the head of Weatherw-ax and King creeks 
there occur, iutruded a« sheets iu the Cambrian ImhIi), a number of 
igneous rooks of porphyiitie habit, whhdi are best inolndod nnd«r the 
syiMiite porphyries. They are li^^ht colored, feldspathic rocks, which 
generally have a pinkish tone from the iron hydroxide st:attered through 
them and resulting from the decay of some former iron-bearing com- 
ponent. All of tboee rooks are greatly altraed and kaolinlsed, and in 
part mineralized. f?n that they have be*'Ti runre or less actively pros< 
pected. They n&ually carry altoed pheuocrysts ot orthoclase aud pla- 
giodase in a Ibldqwtbie gioondnnM. They are tf>o greatly alteied to 
nff»rd any satisftetoxy material ibr petvogtaphie stndy. 

DIORITB-PORPHYRY. 

Between the grauite-porpbyiies without phenocrysts of qmu'tz bat 
with abundant quarts in the gronndmasa, whieh pass into qrenite* 

pori)hyries whose quartz is merely acce-ssory, aud the series of the 
diorite-porphyries, there are iu this distriot mauy trausitioual rociis. 
Borne of these transitions have been alreAdy deierlbed- They ocear 
^efly in the sheets aud laccoliths. The diorite series of this group 
of iMjrphyries will now l>e described. The most tjpioal is the rook 
oomposiug the laoooUth of Steamboat Mouutaiu. 

0TBAKBOAT MOHMTAIK TTVB. 

The great laoeolith of Steamboat Uonntain whieh has been ii^eeted 

into the Cambrian shales has domed tlieni np. alonp with the heavy 
beds of the Carlwniferous limestones, and now lies lu considerable part 
exposed by erosion. The igneous rock lias a thin platy parting, aud 
Che plates lie idled conformable to the laocoUthlc sorfiica This ia 
nnuBual in hvcoliths of acid feldspathic rock pos^sessinga platy i>arting 
of the mateiial near the laccolithic boundary, since generally tiie plates 
have a radial deposition and stand on end, perpendienlar to the domed 
anrlhce. The rock is of a dark-gray color, qaltaflne grained, thickly 
spotte'l 'virh Rmall. white, forndess feldspar phenocrysts. In addition, 
the gi-ouudiuass glistens with the reiiectiou of light from numerous 
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cleavages of tiny black biotites wbicU minutely speckle its gray 8ur- 
flMse. The roek appears gnuralar to fhe eye, bat its graina are too line 

to recoffiiize. 

rndcr the microscope the minerals seen are plienocrysts of horn- 
bleude, biotite, and plagioclase iu a groundmiusH of plagioclaue, alkali 
ftldsper, and qnarta. Boettered grains of iron ore and a traoe of titanite 

are present. 

The hornbleude is quite idioiaorphic in columnar crystals, having the 
oolor and pleochioism of ordinary olive-green hornblende. In addition 
tbere are smaller sbieds and trains; a taw ligbter-oolored grains magr 
beof au^ite. 

The biotite also is somewhat variable in size, the larger crystals being 
well formed and mixed with smaller pieces. It is 
a light-brown pleoohroic type, and is older than 
the hornblende, for the latter often incloses it. 

All of the feldspar pheuocrysts appear to be of 
plagioolase. Tbtit oomposition is somewhat Tari- 
able, running tfarongb the oligoclases into the 
andesines, and even more basic varieties occur. 
Thus, as shown iu &g. 75, a crystal oriented iu the 
zone perpendioalar to 010 shows a zonal banding. 
The ;ilbit« twins of the core extinguish at 12°, the 
xonal baud at 20 \ and the outer rim at 12'. Kfjiial 
illumination takes place at + 'M, aud the core shows 
a nearly oentered in the Held. At 44o the albite 
twinning also disappears. ITence the core is cut 
at 65^+ from zero, and contains ;'.0 j>er cent of 
anorthite aud is au audesiue; the zonal band con- 
tains 9B per oent of anorthite and is an aeid labradoxfte; the rim is 
also an andesine. 

The composition of the small pla{riocla8es iu the groundmass is more 
acid thau this, aud while it is dillicult to decide what the average pla- 
l^lase is, it is believed to be appnudmatelj- abont AbiAni; that is, a 

basic oligodase. 

In company with this plagioclase a considerable proportion of ortho- 
claae and quartz is also x)resent, entirely, so far as can be told, in the 
groondmass. 

The structure of the groundmass is microgranitoid, and the ]dagio- 
clase has a tendency to a short lath form, which gives this groundmass a 
perceptible miorolitio character. In it lie, irregularly sprinkled, the 
nnmeroas small pheuocrysts. The character of the rock and the atmc- 
ture of the groundmass are illustrated in the miorodrawing shown in 
PL LXXV, B. 

The ehemjoal eomposition is seen Uma the ibllowing analysis by Dr. 
W. F. HOlebraiidt 



zfd \jp' 

I0'\ \ lO' 



Tra. 75.— Zonetl )ilagi(icliia« 
(■mlt^Kinv-UbrailirriU- nil- 
(If sine) in iliuritv |H>r 
pbyry of SlMunboat 



Digitized by Google 



u.a. OEOumciu. au«vE< 



TWtMTIETH AKkuAL MHUtt ■ Pt^ LX>V 





Digitized by Google 



518 lomous BOCKA of uttle belt houktains, hohtaka. 



This occurs at Beveral localitiesj each of whinh is marked by some 
UBMll local peealterity. Tbm plionoeiTSts of feldBpsr vary from o%o- 
dase to andeuoe, and they are generally rather small and well formc'd; 

there are Bometimos prc«!pnt a few rar*^ smftpred, large nrtliorlsjspi plie- 
uoorysto. The darfaL-colored minerals are hornblende and biotite, both 
of which are proBent) sometimefl freeh, sometimes alteretl, and generally 
of small sise and inconspicuous, except under the micro^eupoii The 
groundmasfl i« made up of quartz and feldspar in about (-(juiil propor- 
tion, Komotimeb iu a microgranitio structure, Hometimes in a micropoiki- 
litioone. The proportion of orthodaae to plfttfioolaae in thlagvoandmaM 
Is geniaally aboat one to one. The qoarts phenocrystn ara not abnnd* 
ant, nor are they large or well formed. 

Examples of these rocks are found in the intrusive sheets in the 
Owboniftrons beds at the head of Dry Wolf Greek; In the spnr* mn- 
ning southeast from Mount Taylor; in the dike cutting the Cambrian 
r(x-k^ exposed in thf sti eam at Barker and opposite the railroad station ; 
auu 111 a sheet, about lo feet in thickness, which is exposed in the 
Oamhrian shales on nppef Dry Wolf Oreeki in one of the spnrs lending 
down from Big BaUly Moiuitain. At the latter locality tlie [loipliyry 
sheet was cut by a much-altered uiinette dike, with trend southward 
toward Togo Peak. 

A variation of this type i« fbnnd in the porphyiyoompoaing the large 
flat area on the ridge east of Ynga Peak and east of the type described 
on page 502 as the Togo granite- porphyry; it is between the head of 
Elk Ooloh and the fork of Dry Wolf Creek, and is south of Storr 
Peak. The rook ia the hand speoimen is similar to the Togo granite- 
porphyry, n!id has the same minenils and stractnre uncler the mH-rn- 
scope, and the same beading of the feldspars with little quartz grains. 

Mthoeiasa of the gn»ite poq)hyry has given way, however, to 
oligoelase, which is the predominant feldspar, and the type has become^ 
in fa<>t. a (rranite dioiite-porphyiy, as there is still mnch ortboelaaa 
in the grounduiass. 



Just as transition forms occur between the granite- and syenite- 
porphyries and the granit««- and diorite-j^orpliyrieHi, there are also those 
between the syeuite- and dioritc porphyries. ii^xcelient examples of 
this tiyp^ compose that part of the great intmsive mass which mna 
eastward ftoni Yogo Peak and which composes the slopes of Sheep 
Mountain and the masses east of it. An example from the taluH slopes 
which border iieur Park at the head of Bear Creek above Yogo is 
seleeted for deaoription. 

In the hand 8i)ecimen the type closely reseniblt-s the other i>orphyries 
deeoribed, especially those forming the laccoliths iu great port. In a 
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ycfy fine gnundar gimmdnuM of very pale choooUte oolor lie, kbicUy 

crowded, srn;ill wliite ]>luMincrysts of feldspar, «*liieh iirp only uiml- 
erately well-formed crystals; tha gn'oundtnass is further spotted by 
uuuierouH small bUick specks of shiuiug bioUte and small sleuder 
horableDdes. There are nuBiennia tiny eavitiea of miaroUtae character. 

In the section ther*^ arc «<Mni phenocrysts of soda orthorJase of 
homogeueoas aspect, of plagioulase varying from audasiue to oligoclase 
and aboat equal in 8i2e and nnmlier vitli the ortbocHaae, idiomorphio 
biotite and green hofnbleadein a microgranitoid gioandmasa of qoarti 
and alk;'!i Idspar, with somp oligoclase, which i?< not so cAnimon, 
apparently, as the orthoclase. The rook is so similar to otherti which 
have been prerloaBly deaaibed that no IbrUier detaila are neoewaiy. 

An analysis of this loek haa been made by Br. fi. Stokee» witli 
the lioUoving results: 

AmmtjitU ^ < l j ri li t yt ii te f w j if fy fnm Stmt FaHt, JCmMm. 



SiO: 

AUG, 

F«mO!i 

P«0 

MrO 

CaO 

MstO 

K.O 

U,0+ll(F. 
HiO— 110». 

TO)* 

PiO 

so» 

CI 

MnO 

»aO 

8rO 



Totol ; 100.11 
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.013 
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.022 
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.006 


3.07 
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4.9 


.068 


S.87 


.Ml 




.047 
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.S5 
.OS 
.04 
Tnoe. 

.35 
. 10 

100.11 
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I. Analyvia of dioritMyaolto. (nioiMoiil««-) pocphjiy, tiilu dope 

II. Molecular proportiouii. 
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Wolf Bvtte iMoolith expoBed on the saddle between Taylor Hoontain 

and the next i>eak nortb. 

'htp^Xo.S. — Tu this the gronuduiass is ot the Hanie microfrranitoid 
cbanicter described iu typeNo. 1, bat there are nameroos xthenocrysts of 
ftldaparandqaartE. ThefUdiiparphenocrystaaregeneralljotthoclaaei 
with smaller oues of oligoduse or andwine. UBiially tbey are more 
nnmeron^ rlian those of quartz, but in one case, Neibart Mountain, the 
reverse is true. Theiie are the type« of rbyolite-porphyry (qoartz-por- 
pbyry) whieh tend to tranaltkms into the granit»>pcMridi7riea. 

The size of grain of the grounduiase is variable; in one <Mw*e (Xei- 
hart Mountain ^ it is exceedinjilT fin** and snp<:osta a possible denitrified 
glass; others are much coarser. The daik c-ompoueuts ai'e rare, aud 
ava moBfly diloritised hiotiles. None of the rocks are very fresh; all 
are iiomewliat filled witli calcite, sericitf, or kaolin. In one phase fRic- 
ard Peak) most of the feldspar and quartz phenocrysts are quite small, 
only to be seen with the lens, and there are many slender columnar 
honiblaMleB of tha emaMm greaa faiie^, also brovn Uollta Mtif whieh 
megascopically Ri)nt the rock 8urf8K-t» with slender black lines. A nother 
phase of this type (introeive sheets ou Dry Fork Belt Creek above Bar- 
ker) is a transition tnto tiia graiilte-syenite-porphyries, described under 
iiie laooolith rooks. The phenocrysts of feldspar arc more nuoMrona, 
those of quartz less common; the fel(Is|):Lr of the gi'onndmass has n very 
Blight but distinct tendency toward idiomorpbism, giving a suggestion 
of the traohytoid stnioture of syenite-i>orpbyries; the qnartz dimfn- 
islies in amount and tends to fill angular iuterspaoss; the dark min- 
erals are biotite and hornblende. The rock.^ are somewhat altered. 
Megaaoopioally they exhibit many small pbeuucrysts of feldspar aud 
homblende and very few of qnarts. They appear very maoh like the 
choodata-eolored syenite-porphyry previously described, and are, in 
fact, a transition between it and a typical rhyolite-(quart7:-li)oriiliyry. 

Type 2io. 3. — Lu the third and last type the gioundmass is microi>oi- 
kilitio, a mlztvra of orthoolaoe and quarts, with the latter oriented into 
spon<ry masses inclosing the feldspar* At times there are distiuct 
transitions from these impnre qnartz sponpes into regular clear qnartat 
pbenocrysts; the q^uartz, in crystallizing, has excluded more ul the 
feldspar material and tended to beoome more homogenoos. A draw- 
iii^r of this phase of the microjraikilitic grouiidmass is showji ou PI. 
I, XXV, Ay from the coutnet fiieies of Mount Ch'udennin. al>ovf the Tifjer 
mine. The pbenocrysts in tbis type are usually rare, aud are of the 
dwraoter described above fer the other types. Slender oolnnns of 
hornblende are nnnieroiis in the Clendennin rock just mentioned. 

Chemical compoMition. — The chemical comiiosition of rocks of this 
elass is so simple and well known that it nsoally otters little of general 
Interest. In the present seiiee, mraeoTcr, the types are more or less 
altere<l. in many case.-* mineralij-ed, and the tnnterial not well suited 
for analysis. As a ooutrol, however, upon the petrographic work, and 
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to iMoertain that these typcii present notblnf QBOMial from « ehemieal 
point of view, au aualysis was made of tbe rock finiliiiig an intrusive 
dieet ou tbe divide just west of Yogo Petik, whosf^ felBiti« character has 
been previously mentioned. The analysis is by iJi . W. 1'^. ITitlebrand. 

Jna/y»i« of rhj/olite- (quarts-) porphgry from near Yoffo Peak, MontamiL 



BiOt 

A1.0, 

F&,0, 

FeO 

MgO 

c*o 

Na^O 

KiO . 

n»o + 110= 

HiO — IVP 

not 

p*o, 

CMH 

UdO 

BbO 

8jrO ... 

LWO 



1 ^1 

J 73.13 
14.37 
.61 
.26 
.24 
LIO 
8.4S 
4.90 
.78 
.« 
.«6 
.«8 
.77 
.06 
Trace. 
Trace. 

TiMW. 



n. 

1.218 
.198 
.003 
.003 
.006 
.080 
.065 
.062 
.040 



I 



TftW 100.18 



.017 



I. Aiu4}'ai« of rock trom divide woat uf Yogo Peak. 

n. 



The initer and oarbonio add prove what the mioioBoope hae shown, 

that considerable alteration haa taken plaoe^ The analyAis is easily 
oaloulated into the mineral oomposition — 

Paraant. 

Iron ore 8 

Miuoovito 11.3 

Anorthito 8 

Albite 2».44 

OrtboolMe SL8J 

Quartz 'Xi.6 

Caiate 1.7 

OUorite 8 



5L80lteA1«M 



Total mo 

Localitiea. — ^The following list gives the more important loeslities in 
which the porphyrif.s just described are known to occur: 

Kidge between Vogo Peak and Big BaJdy Mountain; analyzed. 

Head of Dry Wolf Oreek; introdve sheets at base and top of Big 
Baidy Monntidn span. 
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Oontttot fikdea of Hbant ImpaMf Moumt Xaylttr Mddle. 

Contact fiicie« of Mount Clemlcnniii, ahovc Tifror mint'. 
Intraaive iu limestones, extreme heiul of Dry Fork Belt Creek, 
lutrusive sheets, Dry Fork Belt Greek a mile or two alwve Barker, 
chocolate colored. 

Intrusive (laccolith), hnad of Oftv- ('r(»ek. 

iutrostve formiug hill ou Biumiug Wolf Oreek below Wouilhui tit. 
HassMof BiondPeak. 

Introsive id«M formiog lowest north spur of Bioard Peak. 
LooalitiMOJi XSTeihacfe Ifountaiii and on tioipmct Snow Greek VaUegr. 

TRACHYTB {BOBTOHITB). 

On fhe vpfwr main head of Dry Pork Belt Oreek thwe ooeon, intraded 

in the Cambrian, a nata of igneous rock which, so far as the exi»o8nree 
warrant supposition, appears to be an intrusive sheet, it is near the 
boundary of the Cambrian, and above the locality, along the creek, 
there are open parka eat in Oambriao Bhale; the maaa Itnrna a wooded 

beix^li which yields a considerable talus along the stream. 

The rock is of a light-brownish color, rather porona in fixture (from 
numerous soudl miarolitic or steam cavities), coated with limouite, has a 
roaghftraohytioftwl, and ia lather denafti The phenoecyatB are entirely 
inoonspicnon!^ and consist of numerous very small, thin, tabular, saoi- 
dinc-like felclspiirs. and others which are soft, Insterless, and kaolinizfd. 
Ferruiuagu«M»iun minerals are aluiust eutii-ely wanting j occasional rucity 
specks may be the remaine of former ones. 

In thin section the rock is found toconsTRt almost entirelyof ortlioclaso, 
with a very little quartz. The phenocrysts are humogeueouH in struc- 
turu, uutwinued, aud show none of the microperthite, soda-microoline, 
or inoir<; straotnraa ao oommon in this olass ci neka. la aeotions per^ 
ppTirMi-uhir to rt the optic finjrlc is small, the bars barely passing ont of 
the held of the No. 9 oly^ive of Fuess, L e., 2E is in the neighborhood 
of 60O. 

The small lUdapan of the gimindnaas are in thin plates tabnlar on 

010; thcj' are extremely apt to bo grouped tofjethpr paniUel to this 
fooe, so that at times they either actually i'onn repeated Carlsbad 
twins or appear to do so, or are c^lightly divergent from oueanollier. 
Aa these groups are cut at different angles by the section, the feldspars 
api>ear in rectaripuhir laths in parallel positions or in broader formless 
plates. There is no sign ot any albite twinning to be seen amoug them, 
and ta all eaaes where they fhrm reotangalar seetfons with sharp elean 
edges without neighboring ovadaps, which shows that the plate of 
feldspar (and therefore 010) is perpendicular to the section, they extin' 
guish rigidly parallel, as a monooliuic feldspar should. 

Praetioally the entbe maaa of the rook ts made u|i of these platea of 
alkali feldspar, ()a('kcd a«; closely together as is possible. The angular 
intenatpaoes, which, ao closely are they joined, are always ndnatey aca 



Digitized by Google 



TRACHTTB. 



525 



Qsually filled with a small amount of quartz; sometimes they ore emp^, 
giving rise to loiimto miarolitic cavltiee. The straotnie of the rock is 
thna really the paotdlomorptiio of RosenbuMh^ In the senae that tba 
coiistitncnts havo to a gT<*f*^<*r doprec their owti form; it is not 

of course the sugar granular structure of the aplites. Boseubusoh' 
ioohides all of tii6 aptttio TOokM in one group of bis dika rooka, inantimii* 
iug the panidlomerphio Stractnre as being charactarittio of tiia gnmph 
B in per - lius later ?!nggested thrir division iTito tvco groups, the aplitic, 
with sugar granular structure, and the bostouiiic, with trachytoid 
•trnotara. Thia latter is the stmctnre, in a very high degree, of the 
rock just deeertbed, and in rock classiAcationB, where the mode of 
geologic occurrence i» stroitply taken into account, the lock ia fttypioal 
boatonite; a more general term for it is trachyte. 

The roek does not appear fresh enoofrb to wanwit a eareftil aoalyais^ 
but 8in<-e pure potash rocks are almont uukuoVQ) it seems clear that the 
alkali feldspar, its almost sole oonstitueut, mnst be a soda ortboelaM. 

* Umu. uL, MS-M, pi.M. 

• IraptivgMtoiii* Tilrtltlilmyilltili XII.eUKgBlolK»d«iIi«ttfdtfi«l, iMifiSl]. 




CHAPTEK IV. 



THE I*AKFKUPHY11E8 AXD THE EPPU8IVE BOCKS. 
THS LAMPH0PHY&E8. 
MINETTE. 

Minetto, which has beeu considered a rather rare rock iu America, 
Is ftvqnently fbnnd in the Llt^ B«U Monntuiia, ftnd usually in the 
form of 8heet8 intrnded into the thinly bedded horizous of the Ottm- 
briati am! C;ii l>ouiferoa8. Its occurrence in dikes is much more uDcom- 
DioD, though a series of dikes occur at the liead of Dry Wolf Creek 
whiehoreetoselyittlfttedtoiiheseiniiiettee. lii«Biiinbeirofoue8,liow« 
ever, dikes of minette are found in oouMOtlon with the ebeets, beingi 
in fact, the feeding canals to them. 

According as the miuette is found in the very thin or in the thicker 
sheets ithasnmttrkedlydilBaniit appeannioein the hand speoimen. la. 
the thicker sheets it has, when fresh, a dark gx»y eolor, and it is eMily 
so< )i Viy the eye alone to be distinctly crystalline, and in certain cases 
ii uppruaches the oouditiou of a hne-graiued granular rock. Occasional 
lait^ bioHtes, qnite idiomorphio end about 2 or 3 mm. aoross, ue fonnd 
playing the rule of phenocryste. In these warser varieties the ground- 
mass is easily (litl'trcntiritcd into a white feldspathic componejit, m 
which lie iuuuuiet able siiiall leaves of biotite, while smaller grains of 
a greenish pyroxene oan be seen with the lens. Thistypeof roek hasa 
dull, liackly fracture. It occnrs more abundantly amonjj tlic sheets 
intruded in the Cambrian shales and limestones at the head of Sheep 
Creek. 

The work dotue so the White Balphnr Springs and Feihart road, 

which follows Sheep Creek to the divide and crnsscR the strike of 
the beds and the intruded sheets, has exposed in a nnmber of places 
material whieh is qnite ftesh, especially in one locality. The rock as 
here seen was the least altered of any obtained, and for a rock of this 
family w;im remarkably fresb, as disclosed not ooly by the study of the 
section but also by the analysis given later. 

In the thinner slieets and in the few dikes in triiidi Uiis rook ooeoxt 
it ba.H a <{uite different appearance. It is \-ery dark stone gray, almost 
black, of a very fine, dense fjraiii, with a distinct conchnidal fracture. 
It has, in fact, a, pronounced Uatialtic appearance and merits well the 
field term »mica trap,'' applied by the older geologists to tbiselase 
of rocks. Occasional plu Hx rysts of biotite are seen in the lOokSi 
and they are often speckled by small spot.s of white, which are mostly 
due to altered and calciti;&ed augite crystals and Included fragments 
ofoaldte. 

UIGBOBOOPIO FBTAOaiUPHT OV THB MnfBTXB. 

While the greater nnmber of the occurrences of this rock are prreatly 
altered by weathering that uo satisfactory results could be gained by 
026 
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PLATE JVX X VI. 



Thin Hkctioss or L.vMpiun'nTnFH. 



A, M iiMtte fkom tbe shMta aad dike* at tbe bead of Sbeep Creek. Brown biotite, 
fieen an^ite, and black inn ore. In • Biztoiw of irblta oitfaodaae and plagiodaM. 

Secji in natural liu'lif ; :ictnril sl/o df fir-Id '2 mm. tnnlrijiltffl 1>5- r!8. 

71. AiuiU ilti'UiiJialt fictiii tlike cuttiiii; H.-iikIIkix Mouutikiii. Ulivhie (^yellovr), bio- 
tite (tirowii), aud pyroxuue (green,, lying in uii ieotropic palo-browu gioandnaaa of 
•Mleita. Natuial Ugbt; aotoal aiae of field 3 mm. moltipUod hj 98. 
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an examination of them, almut two dozen were in a Buthcieutly good 
state of pTCflerration to ftimish fur matorial Ibr stady in thin B<}etion, 
and or tbese about ooe-thiixl were practically unaltered. Tliese show 
tliat the onlinary mineralH of ;i t\'i>ical ininetto are i)reseut — iron ore, 
apatite, biotite, aiigite, urthoclase, plagiodase — unci in the altered varie- 
ties mvoral deoompoBition prodneta, which an, indeed, not wholly want* 
ing in the very freshest examjiles. 

Iron ore and apatite. — Tliese present their usual characters. The <»ro 
grains are, as a rule, rather stuall, averaging about 0.03 mm. They are 
at times dnstered bead-like atong the edges of the angites in snoh a 
manner as distim tly to simfrt'st a pu^shing and ext liision of the alreswly 
fonne<l magnetite grains by tiie growing and expanding augite. In a 
few iostauces quite large crystals of apatite were noted rising almota 
to tba dignity of phraoerysts. 

Jlinti'tc. — This liris (lio typical mirrn cliaractpr fonnd in iniTH'tT^-s. Tu 
the interior of the crystal the color is a brownish ocher-yellow, bonlered 
by a mantle of deep brown, best seen in basal plates (see PI. LXX vr, A)y 
while in sections perpendionlar to the cleavage tlw pleocbroism is very 
strong, viirying' hrtwrr-n pal»^ yellow and dcpp brnwn. Thf larp:pr 
pheuocrysts arc sfiinetimes embayed, and the edges of the embaymeut 
are bordeml by In xagonal bonndariea. Sometimes the larger crystals 
are made up of smaller ones in parallel position. The great ma^jority 
of the s(»rtions do not '/wo an oj»ening of the axial cross sufficient to 
tell whether the micu is a meroxeue or an anomite, but iu one ease a dis- 
tinct opening showed the trace of the axial plane perpendicular to one 
side of the hexagon ; in this case th<' biotite is an anomite. In some 
cases the larjrfr rr\stals exhibit a bt iuling and deformation tlnough 
Stress, showing that they had crystallized out in the magna t>eiure it 
had attained its final resting place. In a ftw cases It ia seen that the 
biotites have snlfered magmatio resorption and are partially oonyerted 
into opa<'ite. 

Augite. — This is a pale greenish diopside. It rarely occurs iu clear, 
wen-formed, and distinct crystals. It is fiir more likely to be present 

in irregular masses and iu collections of roanded gi-ains with similar 
orifnitation or in small auhedrous. (Compared with tlic biotito. it also 
varies exmsiderablyiu amount and in relative (piantity. in some cases 
it is searoely itresent, In others it increases until it equals the biotite, 
and in a few dikes it preponderates, giving transition forms int<» lampro- 
phyric rocks, to be described later. In a iow of tlie coarser. grained 
minettes, where the angite is more idiomorphic, it frequently appears 
with seeimdaiy tnfts of a finely fibnms hornblende attached to the 
basal plane. T5oth minerals have tho vertical axis in common. This 
hornblende is a rich green in color and strongly pleochroie. Its angle 
of extinction is extremely small. Since its extension is optically posi- 
tive and its pleochrolsm is in tones of green, it can not belong to the 
20 OBOIiy FT 3—34 
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Boda-iixiu gi*oup. lu uuuipotiitiuu it dilier» I'rutn llie very Himilar tufted 
gnop« dMeribed by Orow' m seooodwry on aagita. 

From its iiicth(i<l of occurrence it is inferred that tlie iinjiite occurs 
at times in two geueratioiu^ though by fiur the greater, part, like the 
biotite, belongs to the second. 

Feldspar. — This is, of course, chiefly orthoolase, or at least an nnstri- 
ated alkali feltlspai . In tho flner-grained varieties in the dikes and 
thinner sheets it has a lath Uke form, giving » traehytoid appearance 
to tbe gfonndmass. in the coMwr* grained types found In th« thiek 
sheets the orthoclase occurs in shapelesg masses, whicb at tiiDeg haTBS 
tendency to run into hroa*! ]ilatP!«, inclosing the micas and other ferro- 
magnesiau minerals in a poikilitio manner. It is usually more or leas 
olonded by incipient kaolinieation, even in the fteaheet types, and in 
those in which deoiy is far advaucetl it is greatly altered. 

A8sociat4^(l with this orthoclase there is a variald*^ qnantity of pla- 
giocda-se. it has a strongly zonal formation and runs from interior cores 
of plagioolaM as bade as labradorlte down to alliite on the outer bof> 
dcM. At times such individuals have an exterior mantle of orthocbtfe 
surrounding them, and it is to be sns]wt»'d that as the inner shells 
pass into albite ou the exterior, this in turn is succeeded by auortho- 
elase or aoda>rldi otthoelaeee, the ortencation of the wlwle being pre> 
served by this succession. In some of the smaller sheets the plagio- 
clase doe.H not become so basic as labradorite, and in these cases there 
is also less ol it The relative proportion, indeed, of orthoclase and 
plagioolaae ia qnite variable, not only in tiie different oeennenoes eom* 
pared with one aiidther, but even in the sanm ro< k maas. While in all 
cases orthoclase is strongly the predominant feldspar, yet in certain 
cases local enrichments of plagioclase are found to such an extent that 
the rook assnaes a kemuitite Iheles. Here it is that the plairloetass 
aseumea its most basic form. In general the plagiodaee is ikeeber and 
mudi more limpid than the orthoclase. 

Smmmdary minen^ — These are present in direct proportion to the 
amount of alteration the rock has suffered. The biotite changes into 
chlorite, the augite into linionite and niasRc.s of carbonates, while, as 
previously mentioned, the leldspars are changed into kaolin and allied 
products. 

Stru4^uret—Tb» type of structure varies somewhat according to the 
mode of *M'cnrrencc. In the dikes and thin sheets the lath-like form of 
the feldspar gives a Mimewhat traehytoid type of structure, very similar 
to that of the mlnettes so eommon in eastern Germany, but this l^pe 
changes in the thicker sheets to one much more granitoid or hy^iidio- 
morphii in its character. This is caused by the gradual thickening 
and loss of definite form of the feldspar, which assumes the ohwracter 

that seen in giaoites. It should, indeed, be stated that in smne of 
the very thickest of the sheets the growing coarseness of the grain of 
these ninettes, the absence of phenoeiysts, and the stmotnre deeoribsd 
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alM>v«f caase them to aBSume faciea which are clearly transition forma 
into the mioapqreDitn, or, sinoe roefcs bo basic as these aod with so 
Hieat an ahnndaiice of ferromagnesian minerals can scarcely be termed 

syenites with ivropriety, into lock types of whicli perhaps the durba<;h- 
ite of Saner ' is at present the only type w hiub hus been distinctly reo- 
ognized and dilRiiiieDtuted from the syenite group. 

A li^Liic of mM of these minettes is given on PI. LXXVI, A. 

Chetuical compnuif ion. — Tht* oheinioiil composition of these uinettes is 
shown by an analysis of the very fresh and rather coarse-grained type 
(So. 274) tftkeo from material brought oat in the nwd-eut on upper 
Sheep Creek. The analysis is by Dr. W. F. Hillebrand and is given 
in Colnmn 1 in the table below. Tliis shows the composition fo !k» 
that of a normal lamprophyre with low silica, moderate alumina and alku- 
lies, with high iron, lime^ and BMgnesiB. Theamoantofearbooicacid 
is low for a rock of this class, and proves it to be fairly fresh. Tbe 
water is no more than must be expected in a rock of this group, it being 
nearly impossible to obtain absolutely Aresh uiat«rial. Fart ut' it prob- 
ably goes with the biotite. For tbe sake of comparison, analyses of 
two other angitc minettes from well-known and typical oconrrenrcs nre 
given, and it will be seen that on the whole the agreement is very satis- 
factory. It agrees also fairly well with the durbachite of Saner except 
in the potash and fbirlo iron, and we niay eouelnde that the dorbachite 
eontatns a larger amonnt of biotite. 





I. 


ZL 


UL 


IT. 




88.98 


88.70 


51.16 


51.05 




.88 


1.71 


(D 


1.78 


A1,0, 


13. 96 


18.07 


16.81 


1448 




Trace. 








FegO, , 


S.16 


8.41 


4.88 


4.16 




4.4S 


<f) 


8.78 


4.87 


MnO 


.u 










8.21 


7.23 


4.14 


8.16 




•" 









8iO 


. i >. > 








CaO 


T.OB 


5.33 


T. 6S 


5.11 


N».0 


2.80 


3.12 


I.V2 


1.85 


1W> 


S.8T 


4.81 


^91 


T.88 


I '» 


Trace. 










1.68 










1.S4 


1 3.88 


8.78 


1.C8 


r/h 


.88 


TtaM. 


(1) 


.78 


CO* 


.48 


Thms. 


8.18 




Total 




100.85 


mi8 1 88LS8 


99* 94 



I jClttrilaafia4. Bwl. OmL litailtMimaH, H. UM; p. MT, 



Digitized by Gopgle 



582' IQHBOUS BOCKS OF LITTLB BELT HOOliTAZNS, ]I02(TAKA. 



I. Aiigito>miB«nB (Ko, 2^74); Sbaop Craek, Lftti* Belt IfonoUUna, Moatftoa. 

■\V. r. Hilk-l.raii.l, rinrityst. 
li. Au^ritf niuietio; Weiler bei Weissanburg, Alsace. Linck: AUb. ^. (j>-ol. c-ixwial- 

kai tt* V. r.lmuw Loth., Hd. Ill, 1884, p. 55. (J. Linrk. analyst. 
UI, Aiigito<miiiett«} LMohardskopf bi« FIoeluHilMtoh. SUfib, Tab., 1879, XXVI. 
TV, Bniliaeliito; Dnrbaoh, SehwunwaM. Ctonw: Mitt. Baden 0««L Laii4«iam«.« 

Tol. II, p. 3SB. 

Variolitic/acirs nf nihirtfi .^lu tho coiupacter varieties of tin's rock 
occarring in the thiiiuer intrusive sheets and in the dikes a vuriuliiic 
facies at the suulbaud uot uucommou. Megascopically, iu .such cases 
the freshly fractured enrfhee Is eeen to be thiokly spofted by eiroalar 
mas!*cs :n ('r;itjiii<j frnm ~ to -I mm. in diainotcr. They are of t\ pale- 
gray color, while the matrix in which they lie is a dnll brown with 
greenish tioge. The difl'ereooe id color is no pronounced that tbe rook 
has a strongly nofctled chataoter that at once arrests attention. Their 
ii:'inb*"r is very grent; they nrc rarely sepanifcd hy more than their 
own diameterf and iu placets an- so tliickly crowded that ^hey touch 
ooe anoHier, or even intersect in gioupit. They are more compact and 
wheraDt than the matrix, which ou a teotare teuds to break away 
from them, piviiifi a gnarly, knotted ajipearaiiee to the break. Oti a 
weathered 8urtia4.-e the rock haii a iiale-brown color, and the matrix 
weathering fhster than the qiheres, Teavee them prcgeoting. The rook 
Korface has thus a pronoanoed warty appearance, and it rudely resem- 
bles tho perlitic development of acid glasses. On the other hand, tho 
fractured surface recalls certain rhyolites with a apherulitic develop- 
ment. Its appearance is shown in PI. LXXIII, B, 

Examineil with a lens, the varioles, as we .shall call tbe globular 
bodie.^, arp seen to >«» eomposed of n ffray feldspathic masn tlwkefl by 
tiny dark spots Iroui which one catches the occasional redectiou of a 
mica cleavage. Aa we approach the outer border of tbe variola tbe 
jjray r nlftr changes within a narrow zone to pure white. Tims the 
variole is encircled by a mantle, which, ou a tresh fracture, is easily seeu 
by the naked eye as a white ring snrronndiug it. On dose iuspectiOD 
with the leos, however, it may be seen that the border /.one fa not 
w holly eomposed of feldspar, Imt that it is traversed by many very 
narrow hair-like lines of black, which sometimes have a radial direction 
and Bomettmes not. These are the edgm of veiy thin, small tables of 
biotlte, commonly arranged so that the tabular face is either radially or 
tangentially disposed with respect to the spherical mass. 

Under the lens the matrix iu which the varioles lie is found to be 
extremely rich in biotite, compared with the variolea. While the grain 
is dense, the mica tablets cau be easily seen. The boundary of the 
variole apaiiist the matrix is not a jwrfeetly geometric one, but is rather 
wavy and a regular, though tbe boundary between the two colors is 
perftetly sharp. It is becnose of the greater richness of the matrix ui 
biotite, wliieli eleaves so readily, that the variolesmay be sojiarat^ d out 
from it, and from its easy crumbling and decay that they are left pro- 
jecting like w^s from a weathered surface. 
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The charaetieitt deaeribed sbove beoome lesA and lem notieeable aa » 

greater distanoe from the vaalband is reached, until eveutaaUy theroek 
attains it.s iiorrmil clmnu'tiT. In the nio-st developed ciuse we have 
Been, the breadth of the variolitic baud m about U iuchea, ao that haud 
Bpedmens can be madeebowins the varioles on all ftoea. 

Microscopic characters of mrioliie. — ruder the microscope the usaal 
m!n«»mls of the luinette ari» seen - iron <»re. nu'rite, biotite, ntul fehlspar. 
lu plain light the appearance uf the section at tirst glauee in .similar to 
that of an ordiaaiy flne-graiDed minette; tbe iron ore f8 in fliirly good 
crystal form ; tlie small stout prisms of augite are quite idioniorphie, and 
these, with tlic hiotite, appear to be mattered irregularly throti^h the 
iiectiuu. It IS noticeable tiiai tlie biotite is iit very tliiu leaves, which, 
when atanding porpeiidicalar to the seotioii, show a« vory slander 
pleo<'hroic rmls. In certain places it is seen to be locally abundiiiit. 
It is quite surprisiug how the strongly marked individuality oi' the 
varioles, which iaaocharacteriatic a feature inegaiu-opically, practically 
dliappaan in tiiin section, giving way to an appearance of uniformity. 
Tlie thinner the .section the more iironnnnccd tliis l)ecomps. 

Between crossed uicols the study of the feldspar areas, which iu white 
light ate of a very pale ocber color and appear slightly kaoUnized, 
shows tliAt they are not nnwle up of a single lbld«p:it Mi<li\ i<laal, but 
that they are cnmpospd of luiudlcs of fiber s nrrjiKged in jduinose or 
fan like forms, across Avhich the brush of au iutertei-ence cross waves as 
the section is revolved. Tbey are formed, in fact of sphorulitic growths 
of orthoclase, and theseitHttive tint, showing that t he libers are extended 
in an optienlly iicfr:iti\ c direction, indicatt's that the (IcvelopUH tii of the 
feldspar is, as usual, parallel to the clino asis. The study of the devel- 
opment and arrangement of these growths shows that they start from 
aoiue common center, such as a group of augites or of iron ore, and 
flprend liidially in all directions until iiiton iipted by rlie iiit(>rposition 
of the mass of sonic of the ferromagnes an niiiierais. Then from these 
they again start, preserving approximately the general i-adiul direction, 
until finally the outer boundary of the variole is re^urlied, where they meet 
spherulitic frrowths coming iti the opjM»site direction, and tbe variolea 
intersect or tenninute at the iiiterspsices. The whtde arrangemeut is 
similar to a great quantity of bmshes placed radially in mdely eon- 
centiic circles amnnd Hsonie common i>oint and mixed without arrange- 
ment with the ferroinaL^ncsian miuerals. The mica, however, shows a 
tendency to arrauge it-^elf so that the basal plane is also i-adially 
extended. 

The cn^i]) shaped and .annular ititerspncoH between the variolos. which 
app(\ar so plainly in the band specimen, are seen by study of tiie section 
to be local enMchments of biotite tablets, which are generally arranged 
tangentiaUy to the spherulitic growths and cemented together by deep- 
brown glass. The study of these interspaces hits not been a-^ satin- 
factory as could be desired, owing to the difficulty which has been found 
in preparing thin sections. The varioles are much harder and lesia- 



Digitized by Google 



584 IQHSOUS BOOKS OF UTTLK BKLT UOU27TAINB, XOKTAITA. 



tsDt, and ia grinding the crumbly browa material diBappenrs loag 
before the vM'ioles are aafficieutly thin. We have had to study it, 
therefore, in rather thiok aeotkm, ftom which the above ohanotere have 
beeu made out. 

From vlrnt has been stated tbovt, it seems evident that the varioles 

are spheralitos of feldi>pcir quite comparable to the sphemlltie frovths 
v<o characteristic of aciil ^':t'^-«'s. The diiTVi . bowover, from the 
majority of these in that the 8[>heraUtic growth im» been iuterrupted 
by the pmeence of aaglte and inm ore And has tiien refHiatod itseli^ 
thus maUniF the variole a compound sphemlite, while in add glasses 
the growths usually take place before other uriDerals Imve rryntallized 
out^aud are heaoe not iuterrupted; they are the tirot prodnot«i of crys- 
tellizatioD, vbile in the vactolltes deseribed they are the last. 

Spherical structure in tlie iniiiette-kersantite rocks has been observed 
by various writers, but this, as dewribed, is nsually a contrartioti phe- 
nomeooD occurring on a large scale aud brought out by weatheriug, 
not a mioToeoopio stntctare prodaoed by a special inoeess of orystallt- 

zation. A .sphericul >striu'tnn> on a Tiiiiiute scale is, however, mentioned 
by several authors,' but, so liar as we can learn from tbe literature, it 
appears to have been formed by an amygdaloidal flUiug of vesicular 
eavities. 

Pohlmann,* indeed, speaks of a kersantite in which an- "foncre- 
tious^ the size of peas, whose center consists of feldspar latliti - whose 
radial stmoture is not to be mistaken," and between which lie aggre- 
gates of chlorite from decomposed augite and biotite. Tliis descrip- 
tion seems to n<n"ee with the one we have given f' r the Sheej) ("^reek 
minctte. Pohbuauu does uot seeoi to oder a duect explanation for 
these atmctnces, except to coiiDeot them with otiiets containing caicite. 
Bosenbnaoh' sees in these •tntctares tbe fllling of amygdaloidal cav- 
ities; he does not nppnrently believe that they are of si)hi>rnlitie nature, 
since be says "an evident divergent radial structure of the little 
spheroids is nowliere mentioned'' ("anch wird cine evident excentriseh 
Btrahlige Structur der Buttgnlchen nirgends augegeben"), a statement 
which does not seem to agree with Pohlmann's mentione<l above. 

As we have not seen the material which these writers have iuvesti- 
gated, we can iKit, of coarse, presume to offer any opinion as to the 
origin of the sphericul ma.sses they have described, but it i ' Irarly 
evident that the variole«i of the Sheep Creek minettes are not (i ieto 
the tlllinf; of aniygdaloiihii cavities. They are, on the iM)utrary, au 

' KColiiru. Krimantit voa L.av. lin': N JsliHi. M in.. I^Tn. ]i, KiS. 

K. CiilK-ii. t'i'l>«r vinlge VogoM iik:.. iNt« iUf : X .lahrl. M.n , l^a. p. IW. 

L]rl"' mill /iirtm^TTnrtTiI'. Jnii^iTn I''rijpl i\ ;;i-lilU!<' Ui .tuilw f^r^'ii < l-*! t h .inni;r-ii.> : JjitirH. U. |>Tt*ii8i# 
gfiil I,aii<li*?*iiriit fiir IM>.' 17^ Ut:l:n ikt' 

I'ohlinanii. UnierKiiitiiuagen iktMT GiJmnHirdioritc Ubd Kerwttitit »iulitiurlii|j;«uii uud tim FmakfiD- 
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original ru«k structare, and are quite aimilar to tbu vunolitiQ facies of 
oertatn dlabMet, and to be «nnp«red to the Bphendite* fimnd in add 

glasse?;. 

We have coiiceive<l their inndp of formation to bo as follows: In the 
magma, as it was gradually being forced into its tiuul resting place, 
oertatn produets liad begun to erystaUise, and it was filled with email 
crystals of nugite, iron ore, and some hiotit»\ On coming in contact 
with the cold limestones, between whone bedding planes the sheets now 
lie^ a very much more rapid cooling began in the portion adjacent to the 
oontaet planer This ibroed the remaining poirtion of the magma into a 
rapid process of erystalli/ation, nnd from the minerals alreatly present, 
which served as centers, rapid growths of ftddspar branched out, form* 
ing sphernUtes. These wontd generally Inelade whatever minerals th^ 
found in their way, but it is quite conceivable that while a mica tablet, 
with its basal plane lyin;; in the direction of jrrowth, wonld be included, 
one with the same plane perpendicular to this direction miglit be pushed 
along somedietanoe and exelnded by the mass of growing libers. At 
the same time the mass of ISoIdspatli&s material growing in this manner 
would tend to take up those elements necessary for its formation, and 
to exclude those that were not; hence the residual material would be 
becoming riober in iron and magnesia, and thsrefbre better fitted chem* 
ieally for the development of the biutite. The biotlte may thus have 
b»»en excluded from the rariolea and eoiu-entrated in the interspaces, 
partly i»s au uiruiidy formed mineral and partly as chemical material^ 
some of which ibnned bioMte later. This explanati<m we believe 
enables ns to understand why the outer zone of the spherulites or 
vinioles Is of a lighter color, and why the cement is rirli< r in biofite. 
i' lually, the rate of cooling was such that the residual uiaietial now 
Ibrmtng the eement did not have time to etttirely crystallixe, bnt partity 
solidifled as frlass. The whole phenoMienon in these minettes, as we 
understand it from our stndiax, is clearly that of au endomorphic con- 
tact modification of the rock strueturei due to quick crystallization 
Induced by rapid eooUng. 

Some of the ohsorvors' who have stiid;< 1 the formation of feldspar 
sphcrulites in acid glassy rocks have attributcil to absorbed aqueous 
vapors a preponderating role in the process. While by no meaus indi' 
eating that such is not the case, the minettes under discussion afford 
no evidence of their action. That they are not always necessary as a 
factor in spberulitic ciyi^tallization is clearly shown by the occurrence 
of sueh bodleS) often of great beanty in their development, as an aod* 
d«Qtsl product in artiflcial glasses. 

Exontfirphic cnntnct phrnnmena. — Where tiie tliinner sheets have come 
in contact with tbe limestones very little eil'ect has been {iruiluced. 

■Crxms, CuDstitotioo iinil origin of splwirulltoit tn wtld eropUvn ruck»: Bull. I>btl»». Soo. WMhlag* 
tan. Vol. XI., 1891, p. 4U. Iddln([i. Obnldlan clUT: Serrnth Add. Oopt. U. S. Geol. Sarroy, lHiL>»SM> 
Mdfam, SybenUUto ctyitilllMtlon i B)ilLriiUo«.Siw. W«•JltalftM^VaLX,lMl. p.4«A. 
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Iiuinediately next to the contact wall a thin layer of hardened, tongh- 
ened material has hoen produced, and the limestone appears to ]iave 

uutlerfTotsp some rPiTyatnllizattmi. As the slipt'ts bpcnme Ihickcr tliis 
effect increases, and where tbe ImhIs were sli&ly tbey are filled with 
cavities Ihied with ninate cryHtals, or are nnoh cracked and the walla 
of the erericas aim filled with orystala. The minerals whlvh are pro- 
dncpfl hy these processes are garnet and pyroxene. The former is of 
the grossalar variety and Bhowti the forui of the dodeuahedrou. The 
])yrnxene oomprifles tbe greater part of tbe altered matwial and ia 
rarely well cryHtaliissed. The contact produced is similar in character 
to tluif described on page .'>40, profltifi d by a ( iosely related igneons 
rottlc, and that description includes ail that has been observed in the 
case of the minettes. 

Tbe shales un Slieep ('reek have been greatly toughened and hard- 
enwl, and their color m deepened. 

Included ma*Hm in minttte. — Dccasioaally in the minettes are to be 
fonnd masses of a plntonie rock wbich have been brooglit np from 
depths below by tlie ascending magma. One of these is well exposed 
in the roatl-rutting previously allnded to. It is a large ni;iK>>, some 
2 or 3 feet in diameter, and is a striking object to find in ati intruded 
sheet at what must be at least a considerable distance from the pt^t 
of ascent. In the hand specimcti it is .\ ^i:>yish nxik, rnflior coarse 
grained, and of a syenitic aspect. With tlie lens one sees that it is com- 
posed of feldspar and mica, with an occasionsil grain uf pyrite. The 
IMdspar has a waxy appearaaee, recalling parafliu ; it does not possess 
lustrous cleavages. hwX is clonrly altered. The biotite alsw) ha> an 
altered, nonlustrous ap|>earancei the rock, howevei*, does not impress 
one as having suffered from weathering or atmospheric agencies, bat 
rather from some other eM». Its line of contact with the minette la 
8hari)ly dcfuicd, anil the two may even be broken apart at tlie corttact 
plane with comparatively smooth surfaoes. Under tlie microscox>e tbe 
indoabn is seen to be a mica syenite of rather coarse grain and of gra- 
nitic stra(^ture, vrfth a gneissuid tendency, as the micas are strung oat 
along (;ertain planes. This does not appear to be due to shearing- forces, 
aB tlie miuerals are not at all granulated or broken, but is duo rather 
to an original flnid movement before the rook was wholly crystallized. 

The minerals seen under the microscope are biotite, plagioolasei, ortho- 
(•lasc. iroM ore. snifl apatite. The biotite has suQered from processes 
which in the younger extrusive rock» wouid be called resorption: it 
appears predsely like many of the resorbed micas which often occar in 
trachytes; it i.s i»artly or wh<dly converted into opacite or bordered by 
opaeite rinis. The feldspars are eotiverted into masses of sericite; 
occasional unaltered fragments or c(»rc.s in tlie crystals permit of the 
identifloatton of tbe speelea, and from these it is seen that ortboolase 
very gresitly predominates. Tlie condition of the plagioclase, together 
with its small amouoc, dues not permit of accurate determination of the 
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variety, but from tlieflMt that in one example the twin striations wliioli 

\rero api>ro\imf»tely of pqnal angle of extiuction on either side of the 
twiuDiug liue blended iu the position of eqaal ilhimimitiou with a 
CteirlabBd twin, so that tha vliola appeared boniogeueons, it must be 
infiffrad that it ia & very aeid one, in the albit^-oligoolase group. The 
oecnrrenro of this Bjreiiite as an inclosure in thr iniiiottc from tli*' point 
of view ul" the genetic I'elatiousbipa of igueous rocks, is very interest- 
ing and siguiticaiit; it ahowa tliat tbis TOck extaCs in the depths, and 
that the miuette in of later origin and oonneoted witli it. 

The f II iiu'tfe itself does not seem to have suflVred the least amnnnt 
of endomorphic uiodillcatiou from its presence; it retaius its normal 
minerals and atmotare directiy to the oontaot line, and from this we 
inay infer that the mass wsis taken Up while the magma was i xti t iui ly 
hot. and that it had acquired very nearly the temperature of the fluid 
mass belbre the latter b^au crystallizing. With regard to the altered 
condition of the minerals of the syenite, it seems certain that the change 
in the niica was occasioned by the action of the minette magma. In his 
Valnable work on tlie inolosnres of the volcanic rocks' I.arroix speaks 
of the alteration x>roducod iu the biotite of granitoid ro<;ks by the 
aotiott of an inclosing traebytie magma, and states that the mineral is 
converted into magnetite, green spinel, new biotite, and often hyper- 
sthene. It •itHMiis certain to us that heat alone has not produced these 
changes in tlie mica, as suggested by Latu'oix- (at IciMt in the pres- 
ent case), because we shonld tlten expect the mica to be equally affected 
tlirou;;lioiit, sincp it ninst all have attaiiuHl tlie samt- tcinpcratnre: 
whereas iu reality some mica tablets are more atlected thau others but 
a Ibw millimeters distant from them. If we attribute the nlteradou to 
mineralizing vapors in the magma acting with the heat, it is easy to 
see that some individual micAs will \w more aticctcd than others, 
according as the rock varies in its permeability to the vapors from 
place to place. The new minerals formed are iron ore, new biotite, and 
a jiyioxeneiu granules. 

The conversion of the felds|)ar8 into '^ericite or tine leaved, lihrons, 
white mica is probably an effect due in part to the same cause, and pos- 
sibly also in part to weathering, since the feldspar of the minette 
appears to be siinihirly aU'ectcd. though in less degree. 

Alteration of tin mhwtt'S. — Tliese ro4'ks undergo the normal proc- 
esses of weathering, the biotite changes to a greenish chlorite, the 
pyroxene to masses of carbonates and iron orOf while the i^ldspan 
change to white mica in part, but mostly to iiaolin. After a certain 
period the feldspafhir portion seems to dway more rapidly than the 
biiitites, and as the rock becomes soft and earthy the biotite api)ears as 
green scales of ohlorite. Eyentnally the exposnre ornmbles down into 
•irfl) fliled wtth tfieae greenish altered scales, which serve to identic it 



< r.ncluve,! il<'» n>cL<.>« -nloHlillllM, IBH; |«p, ITSi 




688 leiiBOim boces of littlb bbi/t mouhtairs, mohtaka. 

and diotr ita finrner obaneMr. Uamy of th« iiitruded sheets have had 

their ontnrnps rodnced to thi;; oondittoOf making it impossible to obtain 
good material for iuvestigatiou. 
Jfla«Me>l<l» rodu, — Above the serlea ai mlnette sheets oeonning 

OQ Sheep Creek, which hsive beeu inentioDed as exposed in llie road-oot- 
tiuff, and below the sheets of the name rock which are seen on the 
divide, there occur intrusive masses, probably thick intmsive sheets, 
of a rook which is most ehjaely oonneeted with the mlnottsa and yet 
differs fh>m them in sume pivrticnlars. The large tabu masses which 
aro found in the woods not far below the divide show a weathered rock 
of a brownish oolor, Une, dense, and with decayed ferxomaguesian 
ph^oerysts. Under the microecope this roek is seen to eonsistebiefly 
of orthoi-Ui8e. with conaideraMa amounts of biotite and augite. and 
some liornblende and iron ore. The orthoclase is in short, extended 
laths, as in the minettes, aod gives a trachytoid structure; it is much 
altered and kaoHniied. The angite and blotlte aie dmilar in eharacter 
to those ia the miuette; the amount of them is much less. Tliey are 
gi-eatly altered, and converte<l into masses of chlorite, linionite, carbon- 
ates, etc. The hornbleude, which is comparatively rare, is generally 
flreah and of adirty brownish-green eolor, with strong pleooliroism $ soma 
iron ore, apiitite. and a few exotic grains of quartz, with mantles of 
det^ayed jiyroxene and some plagioclase, complete the list of minerals. 
The material was not suitable for analysis. 

TIm oeenrroneo of this roek is interesting in spite of Its altered ehair- 
aetcr, because it furnishes a transition form from tlie minettes — orthn 
clase rocks rich in ferromagnesian minerals — into the syenite-porphyries 
described on page 513, which are orthoclase-porphyries with the ferro- 
magnesian elements greatly diminiahed. In mode of o<:curTence in 
intruded sheets, in their moderate prmin, and in the gradation of their 
miueral and oousequeutly chemical character, these rooks form a closely 
oonneeted aerioa whieh are, genetically, intimately related to each other. 

Trannitiim firom mineii* into kerna utile. — Another transition type of 
the miuette is found in the dark basic dike cutting the syenite which 
forms the projecting kuob of Storr Peak, about 3 miles northeast of 
Togo Peak and at the head of one of the fbrks of Dry WoM Greek. On 
a fresh fracture the rock has a ver>' dark-gray color and appears fine 
frraincd and ex;u't!v like the finer-grained minettes previously de- 
scribed; it glistens Hum the tine cleavage surfaces of innumerable small 
biotltes. Under the mierosoope it is foond to ooutain large phenoeryBls 
of angite, with a large amount of greenish flbrons hornblende, plainly 
secondary after the anpite. The angite contains specks of iron ore 
zuually arranged. The gronndmass is composed of biotite of a greenish 
oolor and latb-sbaped fiddspar mixed with oonsiderable of the green 
hornblende. The greenish color of the biotite would indicate a variety 
rich in iron, and this seems to to be confirmed by the prnctically total 
absence of irou ore iu the grouudmass. The fcldspai' is a mixture of 
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tbe alkftliiie si)€!tiie8 with andesine twinued according to the albite and 
0«r1ftb«d laws. Anotber of tbeM toansttioii types to foiiiid iu a- blaekf 
dan Be, ba«ic dike cutting the syenite at tbe Wright and Edward's mine, 
above TTugljesville. The rock contains large glassy, much-crackled 
incluRions of quartz and of feldspar, which appear to be taken up from 
rack maraes tiiroagh whlob (he magnia baa passed on its wagr vpvaidy 
in a manner precisely stmOarto tbe well-known lampfopbyTe at Asohaf* 
fenbnrg in nerinany. 

Under the uiici-ucHxtpe this dense groundmass resolves into a felt 
eomposed of slender mlcrolites of a ftldapar Tsiyiug flpom Ia)»radcfflte 
to olij^mlasfi mixed "aitI! i- iny of alkali feldspar atifl gt unih-s aud 
tbrmless masses of a completely deoayed and altered ferrouiagneeian 
component. 

NBPHBUTB.lflNBTTB. 

Tbe normal minettes of Sheep Creek type, by tocr enao in ibldspathio 

romponents and coit^t-qaent diminntion of the anionnt of the ferro- 
magiie^iaii elements, pass into types intermediate to (be syenite- 
porphyries, and in another direction, by Inerease of plagioclase, they go 
over into ker»antitti-like faciei. Qn the otlit t liaud, by their assump- 
tion of olivine ami neplielite there are produeeti types which, nlthongh 
uiegascopically retaining the same characteristic minette like habit, are 
by the nrforoeoope fimnd to be lamprophyrio rooks whioh do not oofro' 
spond exactly to any hitherto-described rock types. These in their turn 
fTTHile into rocks in whicli the minette-like cliaimt*er is lont; they 
are black or very dark, dense lamprophyres, oiKsurring iu dike^i^und 
althoash they can not be aasisned to any detnite type, in the present 
systems of classification, they clearly belong in the monchtf)uito-alnoite 
seriesof Bosenbnsch, and have perhaps their closest analogies in some of 
tbe roeks described as moncbiquite8." The must ehifcraeteristio type of 
nspbelite-minette ooonrs in a broad dike or intmslre mass entting the 
limestones in the saddle or low i>oiiit in the spur running eastwardly 
fVom Bandbox Mountain. The rock is of a clear dark-gray color, thickly 
mottled with small glittering tablets of black biotite, which oooastonaUy 
reach S mm. in diameter, and with light-brownish spots which are 
altered olivines. 

Ill thin section the following additional minerals are found to be 
present: augite, iron ore, apatite, alkali feldspar, nephelite, and sodalite. 

The angito is a olear, pale-greenish brown in tiie section, has a good 
cleavapre, ami .shows no inclusions. It is often fringed by frrannles of 
iron ore. The phenocrysts are 1 or 2 mm. in length, the habit broad 
and stont, and the development the crystal fiKses renders them 
idiomorphic. The phenocrysts are moderately common. Augite of a 
simihiT character is freely and abundantly scattered through the 
groundmass in small short prisms and ronndod auhudral grain.s. 

The biotite whioh ooeois so abundantly throagh the gioandmass is 
in rather slender ftlih^ seldom In broad tablehi. It is intensely 
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pleocluoic, between a very deep olivo-broirn and a pale yellow, lu addi- 
tion tx» tlita normal variety thera oooar spoil in the rock which contain 

local cnrif'linirnts "f 1)intiti' iti !arprPr loaves utkI t;ililots of pociilinr 
t olor ami apjiearaiice. VVitbiu it is of a iifjbt <ilive-gre«>ii tsolor, iiioitled 
and clouded with areas of brown, and fringed by a zoueuf browu on tha 
oater edge; its ]>leochrohun van'ea between the olive green and a pale- 
brownisli color. It is everywhere thiekly spotted by inctnaioiia of 
iron ore. 

The Mdnpar i» entirely an nntwiuned alkali variety, fennd in aonll 

{grains and I;it lis and mixed with irregnlar areas of neplielite aud email) 
pale-brownish, rmlely rircnlar masKOs of sodaUte, which are, of course, 
isotropic between crossed uicoU. The presence of the uephelite i» 
proved by the ready and abandaut gelatiniKation of the powdered mek 
iu extremely diliito uitrioacid* and by the faint negative uniaxial cross 
of bas^il sections between crt»sse»l nicols; the Midalite is shown by the 
strung reaction lor chlorine given by the solutiou on qualitative testing. 

Exeept for tiie alteration of the olivine, which appcara to be qaite 
thoronghly. altered to a niit-aceous substance which may t>e iddingsite, 
the rock api^ears «ini(p fresh and iinchsuifreil. In structure the rock !« 
I)ori)liyrilic, but holocrystalline, anil in ordinary ligiit it appears of a 
stn>»$rly mioette-like eharacter, dne to the abandaut f<^la of biotite, 
tliough rather richer iu angite than a truly ty]>iral niinette. It is 
clearly and pronouncedly a laiupropliyre, and the name of nephelite- 
niinette seeuis to best define it. It appears to be a transsitiun form from 
the regular minettea into the moucbiqnifee alnoitedaDiprophyre aeries of 
BoBenbnsch. 

CONTACT PHKNOMKNA. 

Tlie most markMl on«r of the nietamorphisni induced by the Ifimpro- 
phyres wliich iias eouie under our uotice is that produced liy the rock 
descrlbeil above. Here a mass of the limestone into which the igneous 
rock has been intruded has been split ott' and immerged in the fluid 
mass. As a result it has been stdijected to a more intense degree of 
contact meiamorphism than we have seen exhibited in any other local- 
ity, and as it shows the character of the phenomenon on a targe seale 
and witii n more perfect ilcvclopnicut of new uiiiienils, vrv have liecMi 
led to study ii in sottic ilctail, siuce its description serves to coverall 
of the lees etrikwt^ (:a^c.-< jireviously mentioned. 

The line rook has become hard, dense, tough, and of a somewhat 
gre^-nish coh»r. It has been much cracked, and these crm;ks are often 
filled by snwll dikeluts or apox>liys«s from the igneous rook. Oftm 
these little tougnes or ilames" are but a fbw millimeters in width. In 
other phu^es the rock is hollow and rather eaveruons and the cavities are 
eotn|»leteIy stiiddci] by the brilliant fiJcets of very small, ofleii nrinnte, 
bright-green dioiiside crystals. The pyix>xeue is chanicieriMHi by the 
frcqnent oocarrence of the fbrms m (110), A (.'^l), and o (ii21), and is 
similar to the pyroxene oocnrring in the limestone altoed by oontaot 
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metamorpliism of tbe diorite at Blackhawk on ("^astle Moantain, which 
has beeu duscribed uud figured by the author. A^^ociatcd with the 
pyiox«n6 «r« sinall, often brilliaiit ciyatals of a wine-colored gtoemilar 

f^niot vvhicVi shiivTs only tlK-jilfinps of the dodecahedrnti andiftattiineB 
two or three millitneters across the diameter of the crystal. 

Thin Beetions cut aoiosB the altered rock aud the iiarruw dikolets, 
thus showing the contact plane of tbe two, exhibit several interesting 
features imder the microst npp. Tlio luinette rock whose uorinal char- 
acter is somewhat variable, as previously meutioued, seems to maintaiu 
its fiill size of grain to the contact walL This is no doubt due to the 
mass of limestone having been an inolnsion and not a limitiog contact 
wall. It wnnlfl tlioref" ii t> readily beconn» so greatlj' heiited as not to fhill 
the magma and interfere with the process of crystallization. As tbu 
rook approaches tbe contact it becomes surcbarged with lime, which 
marks itself by the prodnotion of great quantities of augite. The 
augite is present in large rrystaln ami in fircat qaantitics nf tninuto 
rounded auhedra. It tinally becomes enonnous in aniouut, and tbe large 
biotites indose great quantities of these small grains poikilitically. A 
considerable number of sodalites close to the contact edge are also 
notici'd. Although this contact edge, as ween by theeye alone, is a v<>ry 
sharp line, the microscope shows that there has beeu considerable pene- 
tration of the lime roolc by the igneous magma. It penetrates in narrow 
threads and tongue-s, and although at tbe edge there is a great predom- 
inance of augite in the lime rock, this is niixtMl with patches ami masses 
of alkali feldspar and biotite. These gi-atUiaUy fade out^ and the rock 
bcooDMS an almost solid mass of small pyroxenes in round grains, with 
an ooc4tsional biotite flake; the minute interstices l)etween the crowded 
grains are filled with a colorless isotropic substance of low refraction 
whose exact nature can not be determined. This appears to be the 
dominant type of the included mass. 

VOGESITE. 

Several types of minettes have been found in which the augite has 
apparently beeu converted into hornblende. Sfiuie in all the minettes 
from this district the proportion of augite is large, they should be 
termed augite niinettes. Tli. li rnblende, therefore. plays a conspicvious 
role, aud whether such rocks should be called vogesite or not is au open 
question; it being understood, of eonrae, that the secondary hornblende 
predominates over biotite. They might, perhaps, be called }>8eudo- 
minettes or met a minettes. indicating that an alteration of a prominent 
ingredient has taken place. 

In one or two instances, however, types occur in which it ciu>. not be 
said, from any evidence afforded by the microscope} that the hornblende 
ia secondary I and since the rocks are of ^ical lamprophyre habit and 

> WMi ttd Mmm, GMkcr *t tlM OattU Umurtdn mlalac dlstri«t: Jtnll. V. 8. Oadl. Bmmy Wo. 
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methoil of occurrence, aud are comiHMml of x>redoiiiiimiit horubleude and 
aQuli ftldspar, tbey may well be termed yogesites. The best inetenoe 

of this type is found iu intruded nlieets in tlit? Cainbriau on Dry Belt 
Creek 8«veral uiilen below Barker. The road^cuttint; on the Bide hill 
lias afforded fairly fresh material. The rock is of a gray color, with 
an olive tone, and -veedMn with a brownlBli eraetk It te eracked by 
prisniatii- jointiiifj and nn brenkinp one of the plecfs it can l>e seen 
that a zoue of alteration esteuda from each joint IS»ce inward, leiiviug 
only the cental portion as an ttnaHwed erne. The gniiii U 4|nite fine 
and the rock tough and bard to break. With the lens it api)ear8 dia> 
tinctly crvstiilline, l>ut rotitains no phenocn'sts of any kind. An 
occaaioual exotic li-agineut of included quartz or feldspar brought up 
fN>in the gneies below waa noted. 

Under the inicroHcoiie the rock is fouml to consist of a uiixture of 
grecnisli brow n hornhknule and alkali (tsldspar, with a(rceHMory phvgio- 
elaae, apatite, and iron ore, and with caluite, chlorite, and quartz as 
eeoondwty alteration products. 

The hornblende in inoderateiy fresh. It ooours iu slender prismS} ai^ 
its color varies from plaen to place from green to brown. It has a small 
angle of extinction and moderately high birefraction. It does not 
appear to be an alkali-bearing yaiielgr. It la preaeat in very large 
amount; a rough estimate wmild place the pxopoitioD of bomhleDde to 
feldspar as two to three, 

Of the feldspar an uastriated alkali variety decidedly rules; it is 
aoneidecably atteredf and filled with eericite leavea. It haa a long, lath« 
8ha])ed form, much like tlie hornblende, and the two ate interwoven in a 
somewhat tracbytic structure, with granules of iron ore, apatite, and 
decompositiou products, such as chlorite, tilling the interspaces. 

ThepIagioolMeia also lath^ahhped, liketiie alkali feldspar,bat» if any. 
thinp, more altered, so that its determination is not so satisfac tory as 
could be wished. Nevertheless, since all sections of it seeu extinguish 
neai-ly parallel with the nicol, no matter what twinning is present, we 
may saftiy eonclnde that it is an oligoclaae. 

The quartz appears in the tri:nip:Til:ir iTit<M space.s between the feld- 
spars much as iu many trachyie.s. It appears in part secondary, bat 
much of it Is dearly of primary origin and the last mineral which 
crystallized. 

The structure of tlie rock is domiuated by the lath-shaped horn, 
blendes and feldspars; it is the structure of many well-knowu types of 
lam propliy res, and is somewhat traohytic. A reek of qnite similar type 
occurs intruded in Cambrian shales on Belt Creek about li miles abOTC 
Monarch; the hand specimen is lighter in color and the roek more 
coarsely crystallized ^ it forms a transition to a fijae-grained syenite very 
rich ill brownish hornblende. 
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ANALCli'E-BASALTS. 

As previouHly 8tat«d, the uepbeUte-minette forms a transition type 
from true minette to s tietim of lampfophyrea whteli are Ibnnd moat 

iihuiKlmitly ruttin;;,' the limestones forming the top of Baudbox Moun- 
tain and the divide running north and oonuectiug it with Steamboat 
Mountain. These rocks are analcite basalts, the type of which wius lii8t 
dewoibed biy Llodgiai' from the Higbvood Hoantatiis» Hootaiui. 

BAITDBOX MOUHTAIir mS. 

The rook flnrming the namir dike* on Bandbox Moantaiii is generally 

more or less «k><':iyed, but in one instance good fresh material could be 
obtained, it strongly resembles the nephclite minctte in appearance, 
is a dark basic-looking rock, with great uumbei-» of large, fi-esh olivines, 
email mio» platee, and oocaalonal aogitee ae plunooryetB. 

Under tlif microscope the same minerals are to be seen lying in a 
colorless base. The large olivines are very fresh, clear, and limpid. 
The occasional large aogites are also dear and nearly colorless; they 
appear to be of the diopidde variety. The Motite is very peooliar. It 
has the striking red brown rolor often seen in tlieralific and Ifiipitic 
rock8, bat of so pule a tone that it appears a pale oraiige>browu; jthe 
pleochroism, while marked, is therefore nnaanal. 

Bays parallel to light yellow-brown. 
Boys peipemdieidar to oasQoIorlese. 

The laiger eryatals of this mica, whiiA may properly be termed pbeno- 

crysts, are at times broken and bent and have embayed portions. The 
oUvinee and aogitos are also often broken and the pieces slightly sepa- 
rated from one another, the irregnlar oontonn of one pleoe ezaetfyeor- 
leapooding to those of the one a(\joining. This wonld seem to point 
to nn earlier period of formation for t1u>«*' <M-ygtal8, which have beeome 
cracked and separated in the ujiward movement of the inclosing viscid 
maia. It is notieeable that these interspaoes in tihe ease of the oliTines 
arefilled with thepeenliar mica already mentioned, wliile a narrow fringe 
or mantle of it snrronntls al! of them on the outside. We at e inclined 
to believe, from its color and Irom the chemical relations shown in the 
analysts, and a oonaideratlon of the mlnnals present, that it is a hiotite 
rieh in alumina and poor in iron. 

The minerals whii-b have been described are lying in what may be 
termed a gronndmass, consisting cbietiy of pyroxene, with a consider* 
aUeamonntof tbe mica already deseribed In flakes and seattered shreds, 
cemented by a pale brownish isotropic base. The second generation of 
pyroxene occnra in small, slender prisms, having a colorless diopsido 
core, surrounded by a deep-green mantle of legirite. Tbe brownish 
base examined with very high powers is really oolorless, Imt dotted 
with innumerable small brownish spfsiks, which give it, nnder low pow- 

' Tontli Onaoa Uniti'.l Siuim. Vol X\'. p.TST. XlrapCl**lMkBftVBliMtiaftiVlMlClliamik 
▲c«d. Km. ScL, asr. S, Vgl. III. 18W>. pp. 3S-57. 
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era, a general brownish toue. In ordinury light it appears mnch like 
asamewbat kaolinized ftlUspar. With a strong illamtnation between 

crossed iiicols. it i-* spcn not tn lie wlHilly isotropic everywiipre but to 
have iu places a feeble aggregate polarization; and it often eoutaijia 
ininnte flecks of brightly polarizing anbstanoes, perhaps dae to calcite 
wmiuoovitt'. Ah will be Rhown later, this base consists ofanalcite, in 
nirriTiiKMi*^ vith wiiat has been demouetrated Sot eimilar zooke teom 
other regions.' 

Tke easential charaetor of the Toek is given to it by the large olivines 
lying in tbe gronndmass of interwoven snmll, slender ]>yroxenea with 
their green rims and tlic da-sly brnwnisli base of analcite cementing the 
whole, touched up here and there with the pale-orange biotites. The 
roek, from the preeenoe of this miea and the green-Timmed pyroxmes, 
has an api>earance which recalls that of some of tbe fine-grained thera- 
lites from tbe Cra/y Mountains. (See TM. T.XXVl, B.) 

An analysis of tliis interesUjig type (No. 576) by Dr. W. F, Uille- 
brand gave the resalte shown bdow in Ho. I : 
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SiO» 
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Fe.O, 
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■ Pinaou, On tbe iiionchiqiiito or analcito Krnnp of 
Analcittt-bssaltrroai Cotoraaoi Ibkl., VoL V, U»7, p. 
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I. Dike of analoit«>baaAlt frou Bandbox Moautaiu. W. K. Hillel>niu<l, uualyst. 
U. AiMloito-baMklt (laoncbiquito), 6uitA Cms, Biuil. Haator aad Kus^nbusobf 
T*ehw. Mitt.,XI, 1890, T>. 445 (M* ftlM Jonr. Oeol., Vol. IV, im, p. 679). 

M. TTitnttT, lUKilyht. 

III. Aualcitii-biiMli (luoiichiqnitis), ('a*ti(< Muuutaiu district, Moutauii. YV'e«d 

nnd PirMon, Kiili. IT. S. Ueol. Snrvey No. 139. L. V. Pirasoii, analyst, 
rv. Analcito-baaalt (monvbiqaito), Mtgnei Cot6» ArkMMw, WilUiHM, Igaemw 

Ro«kt of ArkaiwM, p. S9S. W. A. Hoye», wuilyst. 
V. Analcite-baaalt, Tbu Biuiiu, Cripple Cn-t^k <1ixtii< t. C'olondoi. Crow, Joor. 

Geol., Vol. V, im, p. 689. W F. Hillebniud, ;ujai>»t. 
VI. Anftlcite-b*«alt (DioDchiquite), .Slielliurne Point, Y«Tniont. Ki-inp, Jlnll.l .s. 

a«oL8arv«r No. 139, by Wctxl nod PIneon, Oeologjr CMtlo Moanteln wining 

dirtrfot H.T.Vnlto, soAljvt. 
YU. MolosBlar »tle of oxidM !■ Ke. I. 

It will be notioed that the cook has the ohemicel chanutten of the 

lamprophyre {^onp — low silica and modem nhiinina, with rather liigrh 
alkali for so basic a type, and, at the mme time, high lime and loag- 
AMbk In oonneetkm vlth the analysis, we have given all the analyMS 
of roflks of this type which have been classed us monchiquites that 
we have been aMe to find in the littratiire. It will be seen tliat it does 
sot agree in its chemical relations very elut^ely with any of Jibeui, nor, 
indeed, for that matter, do they agree very closely with one aaqtber. 
This ia doe te the fitct that under the heading of ferromagneHian min* 
erals in a colorless isotropic })a8e quite different varieties aini propor- 
tions of minerals may be assembled} the composition of the base uuiy be 
Twiable} ooniiating of diflhrent imtropic minerals, analdte, leucite, 
■odaHto, eto., nod ite proportion to the dark minerals whieh are present 
may also v;*ry. The ratios given nnder VIl furnish a means of deter- 
mitiiug tiie character of the isotropic base. Negle^-tiug nmall qaauti- 
tiee of nonenential minerals, we may aasnme the rook made np of diop* 
side, olfvitie. biotit*. and tht^ ba.^o. \\\ of tlie lime is in fiie |)yr<)xene, 
which gives the niea8ui*e of its amount. The biotite produces some 
uucertainty, bnt we may consider it made up of an olivine molecole 
(MgEe)aSt04 and. a ftldapathoid in which K^:AWOs::l:l. The ftr- 
rons iron niolecnles mny then be added to the mafrnesia. a eorrespond- 
ent for the lime (as augite) deducted from the sum, aud the remainder 
of the (MgFe)O molecules considered oQvine. This leaves {Sa^ + 
S:aO):A]«0,:SiO,:: .101: .113:420, which is— 1.1:4.1, orinronnd num- 
bers, 1:1:4, aud this shows tliat tlie base has the general formula RAl 
(SiO|)3. When we consider the ratio of the soda to the water we find 
that it is 9M7 1 0.1tt ^ 1 :2.1 or 1 : 2, and oonseqaently it is deer, olnoe 
the biottte oontaina a oonaiderable part of the potash ; and that the iao- 
tropic base hfl« the composition NaAl(SiO_ i Il..t>, or fs made n\} of anal- 
cite. When we reflect that this ia only an approximatiuu, that the 
water in the biotite and the ferric iron present as ngirite (though Umsb 
two errors tend to counterbalance each other, aince iegirite requites 
NajO : PojOj = 1:1, and biotite requires : AljOj : : 1 : 1 ) have not been 
considered, the agreement of these ratios is very remarkable, aud it is 
20 OHOL, FT 3 89 
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dear thAt they are uot acxiideutalj aud the fact of the isotropic base 
being made up of snaloite may be eonddeied demonstrated. Thna, 

an tidngs considered, the rock Hhows that it is au aualcite-basalt and 
ehonld be clasHiflt-d as such. Its petrolo^nc nfRnitles will bepoittted 
oat later when some other related type^ have been considered. 

■UBBKA J>ITU)K TYFK. 

It has hPfTt mcTit-ioTied that on the divide between Bandbox ^nd 
Steamboat mountains a aeries of dikes occur. Like those on Bandbox 
Honntain, they are narrow and of dark banio rocks of baaaltio chaiao- 
ter. They do not show any large pheno( rysts, but are quite deaue* of 
very chirk trniv color, and one xws only the lii^ht refltH'tod from nntner* 
ous cleavage surfaces of uiinute biotites; they thus have a strong 
mlnette-like babit 

Under the mioKoeoope tbey are found to consist of biotite and pyrox- 
ene in <«maH crystals thickly crowded in a colorless base; the large 
oliviues of the jirevious type are entirely wanting. The biotite is of 
the same charaoter as in the fbrmer variety, and the pyroxene baa the 
same form and mantle of a'girit*. The rook thus appears very similar, 
but without the large phenocrysts; there appearH tn be more varia* 
bility in size of the second generation of pyroxene and biotite, and 
lelatfTcly mora of tiiem in proportion to the amonnt of gronndmaas; 
the amount of iegirite is hIko less. The colorless groundmasa is also 
thickly spotted with minute pale brown spooks that appear like kaoliu; 
iu places it shows a it»eblv aggregate polari/.atioii between ui usmmI riiculs. 

One peeolfautity that distingaishes this ftom tlie former type is that 
its surface shows here and there aiiniite round spots of a white min- 
eral. Under the microscope these s\)ot» are without crystal form and 
appear comimsed of au isotropic mineral; the other components fre- 
quently project into them ; and they frequently contain bright polarising 
8i)6(tk8, wlii( h in ronvprfrent light give the negative, uniaxial, ringred 
cross of oalcite. The rock powder is found to gelatinize with very 
dilate nitric acid, and qualttntire tests show the absence of chlorine 
and the presence of considerable sulpbnrie anhydride in some sul- 
phate. The colorless mineral ia j»robably nosean, and that it is rich in 
soda is shown by the fact that wherever the pyroxenes project into 
it they are fnTariably ti|>i>ed with deep-green iegirite, altbongh the 
enter portion may be almost entirely u colorless dio|>side. Similar facts 
regarding H ]<" :il t iiricliHient of sotla have been described by Cross.' 

In this couueiiiion an interestiug fact in relation to these rocks, as 
well as the Bandbox lionntain type, shoold not be passed by withoat 
mention, and this is the total absence of iron ore in them in spite of 
the very considerable amonnt of both ferrons and ferric oxides shown 
by the analysis previously given. The ferrous oxide has gone into 
oUvine and pyroxene, the tettio into a»girite and biotite. The base 
consists ef vwioiiB 'iaotaopie minerals, partly altered; analcite is 



' O w tog CripftoCw»kAl«trirt» Shrt-BMi Aim. MavL V. S. Owl. Sawy. twttlX. tm p. W. 
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undoubtedly present, and uothiiig more definite can be stated oon- 
cerning it. 

The e«d7 ooeaiNiMW of • laniHeopltyra irliidi we li»fe been able to 

flud in the Iftemtnrc, Mtnilnr in clmract' r tn this jn^ dMoribed, is 006 
from Umptek which has been stadied by Ilackman.' 

This consists also of olivine, biotite, and pyroxene in an isotropic base 
(piote1»]y<tf«naIcito),and the pyroxenehas also the OgiiiteriniA. Hwdc- 
inan. advertinrr f <> tlir" character of the pyroxene, which diffpra so mnch 
from the baitaltic variety tbimd in the types described as monctiiquites, is 
indined to believe that these rocks shoald not be placed in the same elass 
with them. With mora or lees uncertainty regarding the chanMstar of 
the base existing, it appears to the writer that the formation of a new 
class based on the distinction of a variable pyroxene tioems to be hardly 
advisable, and lie has ibilowed Haekraas's oonservative eeoise. 

BABKEB TTPI;:. 

A rock which is closely related to the forms just described occurs as 
a dike on the north side of Dry Fork of Belt Oieek, above the town of 
Barker. It is a rlar!;. druse, basir appearing variety, and the section 
shows a considerable number of rather small olivines lying in a felt 
oomposed of slendar, eokuless prismaof angite cemented by an isotropic 
tiase. The olivines ace fresh and proaont no partionlars worthy of 
mpntioii; thoy art" accompanied 1)5' Rome iron ore and :ip:ttito. The 
angiti% with low poweri^ shows the mossy appearance so lre<iaently pre- 
sented by the slender ndenfitM of ngiiite in tingaaitesj it is a sort of 
felt, Gomposedofveiy small, long, slender mierolites dsnssly interwoven, 
of a mlorlesa pyroxene which only in a few cases was fieen to pass into 
green fegirite. When this mesh is studied with high powers occasional 
minate scraps of a brownish mineralt which is thought to be btotite, 
are seen ; the particles are so small that the determination must bt- con* 
Ridpvfd dnnbtful. The base which cements the minerals is colorless, 
and though generally isotropic it shows in places a feeble polarization j 
it is probaUy of anaUdte. 

BIO BAIJ>T KOUOTAIN TTPK. 

1!his rook was not actually found in place, as the whole snrfiMseof the 
exposed laccolith on the aoathside, where the specimens were obtained, 
present"^ :i smooth surface fonued of larjre, flat Joint platos. the outcrops 
having luoken down into slide rock. The course of the dikes, which are 
seen as black lines orossing the white walls of the enormons amphithe* 
aters on tlic cast side, is here readily perceived by the dark fragmente 
mixed with the li^lit ( (dorcd porphyry of the main rock. On i fresh 
fractnre the rock is a very dark stone color, or grayish black, and very 
dense tn grain; only oooasional small spotsof adaift*1irown mineraly 
an altered olivine, are to be seen. The rook has, indeed, a pronoonoed 
basaltic habit 
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!biflie860tioiiflieoHvine««refirand tobeqidtaimra; they range flram 

1 to one half niniimet.er in diameter ami are nearly always serpen tin- 
Ixedj with this ejtoeptioa the rock is very fresh. The most conimoa 
tninffinil «uid tiie one wbich Ibrms by ftir tbe gnaiar bulk of tha indc ia 
ap:)k> brownifih-green pyroxene, so light ia color in ttia aeoUimaatobe 
nearly colorless. Tt is in rather sleiuler, sqaare pri8in><. and ran£r»>'< in 
size £rom 1 tu oue tenih luillitiieter in length; it coutaius nuuieruus pule- 
brownidi imdaaioiia of glaaa. A modenate amoimi of iron ora ia aoa^ 
tered around among the pyroxenes. These minerals are lying thickly 
crowded in a grouudmass which is filled with very great numbers of 
flat tabular mioroUtoa of a brownMi-oHve augite ; tbeae latter vary in 
size up to the dimensions of the smallest of the colorless pyroxenes 
already mentioned. The base which cements all of the minerals 
together is a colorless isotropic substance filled with minute dusty 
qtet^of a twownlali or blackish color, which are no doubt of a ferrugi* 
nouH nattire or separated particles of Di e. Tbe general eflfect of the 
section with a moderately low power is precisely that of au aogitite^ 
great qnaatitica of aagtte in idiomorphie cryatala lying in a broiniiali 
base, which is isotropie. 

An analysis of this type,by Dr. W. F. Hillebrand gave the lesolts 
given in Column I: 
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IT. Augitit«, Upper PtoMvmls. Vnlc»ne <1«r C»pT*(M«ii . B«rtter, 1882, p. 14S. C. 

l>oelt-iT. ;<ti:UvHt. 

lU. FouTobite, Fonrclie Moantoin, Arkaaiuis. Igneous Hocks, Arkausas. J. F. 
WnilMMl,tNq,y.UL BlMl:tUHid»o;M,ftiid9«to. 

IV. VugeHlte, Furatbaus WeUchbrucb, fthtiwi RoMiitiaMb, SMgor 8011101191, Mn, 

p. 301, H. Rosenbiucb, auuljttt. 

V. Jtoleaiilar pfoportifim of Koi I. 

Tb« waiysiB sliows stvoogly tlie cbaractera of the lampropbyre 
group— high liiue, iron and iiiagii«sia, low «Uica and alomiDa, and mod* 

erate alkalitsa. 

OoDsiderinf that fbe rook is composed eBaentiaUy of aagite and aa 

iMitropit' l);ise which has the chemical ooinpoaition given above, we 
liav<« not bei'ii iible to find iu the literature any type which precisely 
correaiionds with it. Two varieties of roct^s ot this claas are cooi- 
poced, aa to thdr chemical oompoaition, under II and III, for the sake of 
example. The rock described by Doelter consiHts mainly of augite iu 
» "tjlajss" base, with niimile ainounts of other niiuerals; that by Wil- 
liamn cousiHts ot augite iu aa " altered glads base." The former is an 
eztmatTe. With botht the ^pe nnder diaennion showa certain analO' 
(,n(>s, but at the same time important variations. When one compares 
it with tlic analyses given on page 544, the name is found to be the 
case; yet according to our e^cistiug systems of classiticatiou (and 
aapeciallr when one takca Into aeoonnt ita generic relatione) It appeara 
to bt'ldiit; bi'st Hndf-r the camptoiiitc alTmitc scrips of Knsenbusc^h. 
Fi-oni the chemical point of view the hornblende- vogesite whose analy- 
sis is given under IV iu the above table agrees with the Big Baldy 
Monntain roek better than any we have been able to find. The agiee- 
nieut. except as to the iron, is quite remarkable indeed, and it moat be 
confessed that the relations of the two iron oxides for a roclc of this 
class, as given in Analysis IV, are not above anapieion. The ferrous 
oxide must certainly be too low; the ferric, too high. Taking this into 
coiisidi'iatioi), the afrreement would he even closei'. It shows how 
extremely similar magmas may crystallize into quite diileieut luiuenkla. 

If we eonalder the noleonlar nitioa i^ven in the laat eofanin <rf the 
preceding table, they may be arranged aa fUkma with leapaot to the 
minerals ahown to be present: 



KeiQs Oi 027^11] 

F«0 02T=IJ 

FeO 01 H ^ „ 




BtOt OU=ll 

CaO 180^1. 



MgO 030 i lOlivine. 



JlgO 1»0~ l[l)iopwda. 

mot aaosss) 



From the above thwe temaina over— 



8iO, =0.424. 
AUCh^ 129. 
(Na«O+lUO)s,0». 
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Of coar»e such a computatiou mast be considered as ouly rudely 
approxiiDftte; there to an excess of alamina over the alkali, and it to 

therefore probable, as usnally bappcns in snch cases, that some of it 
has found its way into the :uii;ite. The calculation is sufllcient to show, 
however, that if an alkali-alumina silicate bad tbrmod as a renidual 
product of ctyatallltation, it mnst have been mainly one of tbe ftldspa* 
tiu^d group, low in silica and rich in alnmiiKi and alkalies. This 
group, it will be remembered, is composed mainly of isotropic minerals, 
as leucite, analcite, sodulitc, etc. Tbe ratios, indeed, approximate to 
the xetatl<m 

2ratO+KtO:Al«O!i:S:0b;:l:l:4, 

which would furnish a silicate of the formula i NaK> At (SiO^ja, which is 
that of leucite, or, with tbe addition of water, of analcite. 

Of the very considerable amount of water showa by the analysis it 
may be said that there to no apparent alteration prodaot whidi oonld 
account for it except the serpentiuized olivines, and they are entirely 
too nuunte in amount to furnish mure tban a very small fraction of it 
It most therefore belong to the isotropic base, and oonld be fhruished 
by aoaldte. That it is the latter to ahown by the moleenlar ratios of 
the water to the other components^ 

(ira,0-i-K»0) : Alfi»t BiCH : HiO: ; JOmt .199 : .434: Jm, 

Off approximately 1:1:4:2, which is the ratio required 1^ analcite. 

The rock jiowder when treated with very dilute nitric acid is found 
to gelatinize readily and abundantly. This could not be due to leucite, 
whtoh does not gelatinize, thongh decomposed with add, hot to un- 
doubtedly due to analcite. In this connection it is interesting to note 
that the molecular ratio of the soda to the water in the fonrchite of 
Williams is .030: .060=1:2, which is the ratio required by aualeite,and 
nndoabtedly this niineiral is present in the base of hto nek. 

From the molecular ratios furniBhed by tiie analysis it OMy be easily 
oaienlated that our rook oontaina— 



Iron ur>' ....■«.•.••..,*...«•••.•.«.*.............,.«.•■« 6.7 

Pyroxene 90.6 

OllTin* 4.9 

BSM (UMtly MMlolte) 4».6 

Total 100.0 



KXLIXKD TT7B8 WITH POLABIZIKa SABB. 

It will be noticed by reference to the geologic map that the great 
intruded stock or mass of which Yogo Peak forms the wejftern extremity 
is narrowed down at the head of Vopo Gnlch to a dike like character. 
As previously described, the western limb of this mass i)ractically ends 
at thu point in a mass of dimikinite, and then thins oat into tbe dike 
which inns along the creat of the divide until it widmis into the Sheep 
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Ifomitiiii portioD. The ezposnros at (his point liardljr warrant nt in 
stating poaitiTely tbat the dike tot ma an aotnal apopliyaia of the maas 

and is not a separate intrnsinn, hut the {rencrnl relutioii of the iiiti udpd 
bodies incllues one sU^gly to the belief that it is au apophysis — a ooii- 
neoting liak b«tw«en the masBes, and not a aepurate iotnurfon. 

The rock flmning this dike is dentte bla<;k and similar to the lanipro- 
l»hyrie types previously described. In the s^ectiou are found bltvin«^ and 
au^te in a colorless base, thickly i)eppered with minute ore grains. In 
p3«ec8 the ere grains are wanting, and their place is filled by scattered 
leftvea or skeleton crystals of biotite. The base when examined between 
crossed nieols presents a mosaic of low polarizing grains of <jreat fine, 
ness mixed with isotropic ones. The effect with a low power is ibat of 
an aggr^prte polarisation. This nay be due in part to zeoiitlsatioD, 
but may equally well be a mixtnre of anaUife with neplielinti or ortho- 
clase, or both. The rock ako contains a number of olivines and angites 
01 large size, which are deeply corroded and bordered by heavy black 
opaeite rims. They are probably of intratellarioorigin and havesnllbred, 
in later movenietits of the msignia. a partial resorption. An exact ana- 
logue of this type, except for the corroded olivines and angites, occui'S 
in the drift brought down from Big Baldy Mountain in Bateherknife 
Greek. The rock waa not fonnd in plaoe^ Init nndoobtedly eomee from 
some basic lamprophyre dike. 

These types appear to be closely related to the abaarokites of Iddings/ 
which seem to belouj,' in the mouchiqnite'alnoito series of lampro> 
phyres of Rosenbusch,^ with a base composed of alkali feldspars mora 
or less mixed with feldspathoid minerals. In the inajoriryof the types 
described as monchiquites the base is au analcite, as we have shown 
elsewliefe;* in the camptonitee it| Is a soda-lime feldspar, and in the 
absankitos it is essentially ortlioclase. If the base were uephelite the 
rock would have the esstMii l-il character of many neplielite-basalts, and 
it is evident that these rocks with varying developments of the feld- 
apathoid minerals, bat which are oomposed diieily of fmomagnesian 
silicates, will show transitions into the variona^rpeaof alkaline basalts, 
irhose effhsions are a common featore of many regions. 

TRANaiTlON FROM ANALCITB-BA8ALT TO MINBTTB (IMCI.UDINO 
THB 8APPRIRB.BBARINQ ROCK OF YOOO GULCH). 

On the long ridge whidi extends eastwurdly ftom Bandbox Monn« 

tain, and which forms a spur between the he;x«l liram hes of Knnning 
Wolf Creek, and in a deep siiddle of which occurs the nephelite* 
minette previously described, are found several dikes entting tiie limty 
stone. One of these dikes is found to be oompose<l of pyroxene and 
biotite, with large psendomorpbs of serpentine after olivine^ lying in a 

■ 

>Jour. (ieol.. Vol. III. imi. \>.9M. 
*UaM». Gevlviuo, 'Ml I'd., LiiSS, p. S3& 
•Jmr. GmL. V«I. IV. MM, p.fl«, 
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colorless isotropic base. The pjroxeue is of a pote-browuisU variety, 
the bfotite tbe naoal deep-lHKiwn pleoeliraic kind fiMind in igneoas 
rocks. The base hus in pliu't's a feeble aggregate polarization. A con- 
siderable amouQt of iron ore is present. Disregardiug the olivine, the 
character, relations, and amount of the mfnerals ue aiush thftt, seen in 
ordinary Ili^t, the section strongly recalls mnny of the minettes which 
have been previously desn ibe<l; tite nst» of the annlyzor slmws, of 
coarse, that the base is uot oomi>osed of feldspar. From the actual 
«3i«raetarof its minerale the rook is most nearly related to the aiialdte> 
basalt which bae been prcvioiisly described. 

The same type occurs also in the form of sheets iutrude<l in the Cam- 
brian beds at the very head of Bolt Creek, the structure and relation 
of the minwals being preeisely similar; the grotmdraass giving a feeble 
aggregate polarization, but presenting in many ]>laces rainnte spota 
of a doubly refracting oolorlesa mineral, which may be orthodaae or 
uei>helite. 

8APPBIBB BOOK OF TOOO OULCB. 

By fur f|i6 most imiiortant ooourcenoe, from an eoonomie standpoint, 

of these basic lamprophyric types is that of the conindnrn or sappliire- 
beuring rock near tlie mouth of Yojro Oulch. A preliminary account 
of this rock and its sapphires has been already published elsewhere,' 
bat on aooonnt of ite eeonomle benrings and in the hope that its d^ 
scription may aid in tlie .<i'ai ('li for similar oQounenoea in the region it 
is now re|>eated witti additional details. 

The rock is of a dark-gray color and has an uneven ft auturCb It eotti 
tains small, light-green or white included masses, which form its moat 
cnnspicTntns feature, and these augular im-ltisions arc pieces of lime- 
stone broken ott and carried upward by the fluid rock in its ascent. 
They vary in size ironi those of microscopic dimensions to some that 
are half au inch or about a centimeter across. Many of them conaiat 
entirely of caleite, wliile others appejvr to be in;v1e n]^ of a jiaie-green 
mineral, which is pyroxene. The largest inclusiuus, esi>ecially those of 
quartz, show a reaotimi rim of the same green pyroxene, the rim bdng 
abont t mm. thick, while the entire center is of calcite with scattered 
pri'^ins of the pyroxene. Tlie rock nIiows only scattered fcihlets of mica 
as phenocrysts 2 or 3 mm. in diameter, while the grouudmass glitters 
with minute flecks of biotite, and considerable pyroxene is seen. 

Mieroteopie eharaeten. — In thin section the rock at once exhibits its 
character as a dark, basie lamprophyre, consistinpr mainly of biotite 
and pyroxene. There is a little iron ore present, but its amount is smaU 
and much less than is nsnally seen in reeks of this elass. The biotite 
is strongly pleochroic, varying lietween an almostoolorlcssand a strong, 
clear, browti tint. It oeriirs in ragged mnsnc's. rarely showing crystal 
ontline, and it contains a large amount of apatite crystals. The 
pyroxene is a pale-green diopside fllled with many inclusions^ now 

> Aw. »«. «h RMiM, V«l. IV, UN. p. <2I. 
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altensd, bot probftbly originally of irkw; in mmuo orystato tlMM inetn- 

giuii.s aro .so abundant as tti render tlic niiiioral quite spougj'. TIio 
grains .soinetiuies »1jow crystal form, but are mostly anliedral and vary 
in size, tliuagU the evidence is uot sufficient to show two distinct geu- 
erfttioDB. 

Those two ininernls lio t losoly crowded topetlicr, and no feldspai s are 
seen in the rock. The small interstices between them are tilled u itli a 
clouded, browniah, kaolin-like aggregate, which appears to repn-sent 
some former mdspathie oomponent, possibly leucite, perhaps analcite. 
The rock appears to have its closest aflinitics in the analcite ba.salt 
groapt of whiuh it may be oousidered u biisic, somewhat altered, ty[>e. 
The abiindaiice of biirtite diowe ita nbitton to the minettea, bat tbe 
rock ia maoh rieber in the ferromaguesian components and lacks the 
feldspar of the niiuett«s. It has evidently a close affinity with the 
minettes and shonkinite of the region, and is clearly of the same 
ma^a. It haa the aame rfehnoas in biodtc and pyroxene aa tbeaOi bnt 
differs in the feldspathic component. Yogo Peak, with Ita tbonkiliitei 
ia but a small number of niiles distant from the lorah'ty. 

Some calcite in agglomerated granules is also seen in . the section, and 
thia, aa ia ao often the caae in lamprophyres, doea not i^pear aa if 
secondary in origin, and is probably due to limastona fragments piokad 

np, as previonsly mentioned. 

Origin of the mpjphireg. — The occurrence of such well-crystallized 
eorandam in a baaio ijnieona rook ia of great interest. It Mcma okar, 
from the many different ways in which this mineral occurs, that there 
must be several metliods in natnre for its formation. The association 
with metamorphic rociis such as gneisses, schists, etc., is well known, 
and ita ocenmnce with i^nitea is also uot unoomnion. In all theae 
eases, however, the association is with ohler nietatnorphic or fjrannlar 
crystalline rocks, and we know of its occurrence in more recent, 
undoubted basic igneous rocks in but few cases. Lagorio,' iu au arti- 
da to ba mentioiied pveaently, givaa a liat of the known oooanances of 
cornndiun in ignoona rocks, their tuib, footed HmgnientB, and contact 
zones. 

By a seriee of important and interesting exi)eriments Morozewfcs* 
showed that molten glass of a basic character dissolved alumina readily 
and in large f]iiantity. and from this, on cooling, cornndiim and spinel 
crystals separated out. lAgorio,^ iu oommieDting on these results and 
adding details of some experiments of his own, showed that tiia former 
idea which had been held concerning the origin of corundum iu igueona 
rocksshonld now no loiipcer be urj^ed. This idea was that such cornndnms 
had been torn loose from some place below where they had previonsly 
existed, and, being inlhsible, had spread the*>iselvesthn)iiigh themagma» 
Others again recognized in these oorundums inftiiibte bnt lecrystal- 
lized portions of rook fieagmants iuoloaed in the magma, ottier portiona 

>aril«te.llxZiyM«T«LXZIT.UMp»M. •Xm^rtL^EOV.Utt.v.m. ■Op.vtt. 



Digitized by Google 



654 lonscnm bockb of UTtLE belt HounrAiiiSi HOHTiBA. 



being eoiiTerted into spinal, oiwdierlte, etc Lttgorfo ptrinto oat, how- 
ever, that this could not be the nisc, as cornndnm dissolves in raollen 
glasses; ttiid be calls atteDtion to the confnsioa which has existed 
between fusibility of comiMuuda iu molten masses and their sdlability 
in the bmdo, tbe two beiofr quite distinct The cbaraoteristic form of 
corandnm occurrini.'' n-ith i{^eoas rocks is the thin, flat, hexagonal 
table with low rhombohcdron, deiacribed in » subeeqaent extract. 

Tlila ooennenea at Yogo Greek is au important addition to the list 
of pyrogonetiooomnduin. The clear-cut form of the oiystala and tliefr 
general distribntion show tliat they have * l y 'allized ont of the magma 
with as much certainty as the well-formed phenooiystB of Mdspar in 
a i>orphyry betray their origin. 

The general character of the rock, however, and its close relation- 
ship to the niinettes an ! slionkiuite of the region, show that it conld 
not originally have been huQiciently rich in alumina to have allowed a 
feneral separation oat of oorundam. The condition of it, as men- 
tioned above, shows that the magma took up great quantittoe of inolu- 
sions from the sedimeutK through uiiicli it passed. Among these 
sediments must have been a considerable tbickness of clay shales. The 
liability of mdi beds to be shattered hj igneoni roeks aaoending 
throQgh them and indnded aa ihigments has aliaadj been shown else- 
where.' 

Suck included fragments of shale, if tbe magma maintained its beat 
snfltoiently, aa it natarally would if eonflned in the fbrm of an intmded 

mass, would eventually be dissolved, as the experiments described 
show. There would thus be fornied local arens in the mapiiKi very 
rich in alumina, which on cooling would allow crystals of corunduiu to 
sepevate ont. This ezplnnation seems to ns most in aooord both with 
the fart.s observed iu the field and with those obtained by experiment in 
tbe laboratory. The form of the crystals is also in accord with that of 
the pyrogeuetio coruuduiuti. Tim occurrence, then, agrees well with 
tlie experlmenta and yiews of Lagorio, and is indeed an important eon- 
iirmation of thcQi.* 

Character of the sapphires. — Tbe sapphires occur in good-sized and 
generally well-formed crystals embedded in tbe rock aud sometimes 
•bowing a slight blaokish ertist. At my request a complete crystaUo- 
graphic study of these crystal"* has been made by Dr. J. IT. Pratt, on 
materiahi kindly fomished for tbe purpose by Mr. G. F. Kuuz, of the 
ilim of l^Uhny & Ck».) of New York, Fhm the leanlt of Dr. Ffattte 
•tndy, wbieh has been published elsewhere,* the following is eztraeted: 

>G«ol«gy of CutloXimBUill: fisU. V. si- Oeul. .Survey No. 138, p. 73. 

■gtnw tlM Above waa wrlttan • Urf* nimber of lnv«aligatioM bare t)«eii pobUahed ott tlw O0imr> 
MMtaf tMBBdaa MapriataryooiutttiMalcrigBMaaroeln, and tl is, indaad, now v«U rMogftiMi 
tfeMOte to ttetddaTwa^ la wUalt U oaean. Ct. Uanmrtaa, IM«nuka Mitt. ▼«!. XVIII, 
lMirmtt,Aa.JiMir.Srt^4lliiN«iM.T<it.yi,iaMk]>.4«.MilT«l.-VIII. UHC ». Wi lUllHb S«t> 
3)t M> tt rf MlBM, Onttfto) UMb M; Colcmaa, ibM., p. Mk 

•AB.#m. sd.. «fh MiiM,y«i.iy, mi, p.m. 
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TiM WKpplitre >i|rtah i» sfcelMd and tlriatadtftMiah»dflgiMlilMtiioai7«tallo- 

graphic mpasnrpmpnts ■were po«fiibl« on the re(l«Otln(( gonioiinct«»r : hnt snfflcii-'nlly 
accurate Hugli^uuuid Ix' obtained with the contact gonioiueter to allow of the l<len- 
lUealion of the fa<.<e«. 

TteprfsD of til* Moond ocdw a (U^), which i» to oonnion on (sotmAiiint WM not 
otMcrred on ttiy of ilia etTvtals from fUa loealftj'. Th« only two ftow that oonld 
ti i 'i I titied were the base o (0001) utid the rhombohedron .r i 3<>i12), which is a new 
lur oorundom. On on« orjrttal two very aoukU £hoea were obMnred, which 
were too aaial] to ho maMiind with the oontMt gontometav, tnt ««« piolMlily tto 
ikces of a pyramid of the eecond order. 

Id determining the rhombohedron, ten or more independent meaanromonta wero 
made of c /\ i. The-se \ ariod from 66- to 6K^, bat approximated oloaely to W, 
which agrees very well with tho CAlcnlstod t»1m, 67« 8', for 0 001 A 3 082. 

Thawyatohwdof to pod— alwwnitaflgfc (K, 6,MidT, Fl. LXjLViIj,«b*pi«««llteg 
tjpe being like flff. [7]. The crystala vary from thosp whero tlm Vcikk Sh very lar^fcly 
developed, having a diameter of 8 mm., whih; the i tiniubobedron in only 1 imn., to 
fbOM tiMt lUliVe tte baee and rhombohedron eqtiHlly d«-valO|>id[flg.g]. Wln-ie tlie 
Amm im moM •quUjr developed, the rbombohedral leoee Me genenllijr lounded. 

The baari plane often ahowa ehmraelpviBtta atriattona whieh are parallel to the 
tlirei' iut«'i8e< tiuus of the baae e and the rluiniboTiedron s. iis ubown in (1^. [^1 Tin-He 
linea are abarp and distinct and on the very flat crystala can eattily be wcaaured, 
when eitaitiiaed mnder tte aaloneeope. The rhentbohednl Ihoee ai»Tery nmglily 
striated without cbowiDg any distinct parallel line«. 

One ver>' common development of these oryatalx is a repeated growth ou tlie basal 
plane, of the rombohedron x (3032) and tlio Itu^e c alOOl), as repreaente<l in fig. [6]. 
Theae growths ate veiy varied, as is ahowa la figs. tl>4], where they ate dtawn in 
baealptejeelloii. IttlU;*Ct}theielabatoneaeeoBdiii7iliomb»hediODaAd%flae,whldi 
Jia* <iiu> of itfi rhoniliohetlron facen a continuation of onu of (be rboml>ohedron facce 
of tli<3 cryttUl. I'tg. [2] ropri>aetit«u repeated growth, each faco of which is entirely 
distinct from the fkces of the main cn staL InAg. [S] there are represented two and 
in fig. [4] a aatiea of aaoh growths, wbere a nnmber of (he rhosbeliedral £aoea ooin- 
dde. Theee g^wlhs oeetir meet froqnently on the flat erystols. The thiekneea of 
the rhomTiohetlrciii r:irt!l\- r<Mic)i<''S ] mm., and ot'tcn tli<-y ane so iliin that they appear 
like striations. Figs, [lo-te], represMtttog the same crystals as llgs. \ \-\\, have been 
dnwnaetiiajaippeeraader flie lana, irliloh litlnga mt tiie lelatlon of the haae end 
rhombohedron to better advantage. 

Bauer,' in a r«cent article entitled " Ueber das Vorkummen der Hnbiue in biniia," 
has de«crit>ed this same Ktyle of duvelopniunt ax occoning on the Blinmi rnhie^ h«t 
it is not so general aa on the Montana corondums. 

J » e> i a y jltfww.'^nie etohlng Agnree, whieh ireie ohaerved en neatly all tlie erjra- 

t.ils *-xanifncd, wrn^ on the baA.'il |diiin». Tho (ig^nrrR aru very pt-rfect, and, atthonj^h 
shuwiug mauy diil'eraut tonus, tbcy alL huvc a rhombuLtudral syuimetry. Fii;. [Tti, a, 
p. &5<6], represents the couimon etching ligure, which is a rhombohedriil dcjin^asion 
tenninating in a point. The edges of the depteaalon are sharp and well defined, ae 
aie alao the IntemeeClone of the rhombohedral Ihcea of the depn^ion. Thaae Tfaem- 
bohedral ru<-»:iH woro «iii<ioth und guvu fair rcilfi tions of tlio Higual on the reflect in<{ 
goniometer. In moasoring them all the crystal but the depression to he measured 
was eoveied with a thin ooating of wax. Two diUhrant eryatala were measored 
which gave for rhombohedron nn rhombohedron 22° SO'; this oorrosponds to the 
rhombohedron 1017. for which the calculated value ia 21° 50'. The same style of 
flgnres were observed whose edges were parallel to those of the Mgntlve Thambehe 
dron; theee, however, ate not eommon in iaolated figorea. 

laotiMT eornmoa ftran le lepreeaniedia [o and «^ fkg. 7Q. wlMMthedeipNaBloDia 
boandai by tiiebMnl plane!, whteh at timw la eo large that liMrliemheihedialidam 



iVeaie fatobasb Mr IIia..Oaoi4 and V«L,II.iaN,»«ii. 



566 laMXQUs bocks of lctti^b belt houbtains, montaba. 

K li:irilly visible. Fig. [76, h] rt>iiros<nits I'tchiii^ li;^nrt>8, whore, 0:1 thi> bfiRa] plauAOf 
a aballow depnwioo, then is another and sometimea two other etchio^ tigurea. Theie 
Mooad «teliiiig flgntaa an Uke tli* Maumn «iim dwwii ia [«]. TlM«atarilH»> 
boheclral contonr of the-<e fi^iirea la gatMMlIjr KMUidad; tU* ia alao oMUklly tha oaaa 

witli tho deeper «k'pre«.*ions. 

Often the etching figures are intergronrn [if], and when many of these (k-cut 
together thay hare the ^paacanoe of niaed flgwea rathar than of dapfeaaiona. 
TM* niaad appewwiaa ia ▼nry atriUiig when then la • eombiaatieii of tba pina and 

BlinuH rhonilinliiNlronlnpanllel ivoHitioii und without overlapping PR'-h other 

The ttgoros vary cOMidacably in size, but uioni of tiiem are near 1 mm. in dfann^ 
tar. Adnr wmobiarvad tlMtirei6M«rlyaaiiii.liiiliMi«tar. 




THS BFFUilTM JtOOEA 
BASALT. 

Bo llw M 1b loMwii, fhera are only two oMoneiMM of «fnu^ 

or lava.s in the Little Relt Mountains, and both of these are basaltw j 
One is the masH resting on Cambrian beds at the head of Kinney Creek 
and shown ou the map; the other is on the summit of Smoky Moun- 
tain, in tlM MOAhera part of the ana shown on tbo map and 
the line of 110° 45'. Such lava flows grow more abundant in the vallcir 
between the Little Belt Mountains and Castle Mountain, and their 
geological relation and petrographio character have been described.' 

From both loealitleathe nxdn arevery dark stone gray Inodor. The 
Kinney Creek oecurrenoe is somewhat vesicular with small steam 
pores; both are very dense and compact, and as phenocrysts exhibit 
only a doll orange-eoloted mineral that is altered olivine. 

>WMdaBilPinMW,0«alag]ro(OMU*>ImintalaaiiBlacdktrieti Ball. U.S.6aai Surrey NalM, pp. 
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Under the luicroscope they are seen to be of a common type of flne> 
grained bAsalto; the gioiiiidmMBy an intermingled mass of graina of 

iron ore and of pyroxene mingled witli plagioclasc feldspars. lia%-ing^ a 
more or less pronounced latb-shaped development. In tbis lie rare 
pheoocrysts of aagite and great nnmbers of olivines, some of which 
an altered entirely to a flbrons orange- brown mineral; othera contain 
8tin nnaltcred cores of olivine. This alteration minoral is very probably 
the same as that described by Iddings ' and more lately disoossed by 
LavaoD,* and named by him Iddlngsite ; at l«a«t the oompletely altered 
mineral appeara to have tlie charactera aaeribed to that mineral by 
LavBon. 

These lava tlows appear to be the extraBions from dikes reaching to 
the anrflMse, and it la probable that the dikes are of lamprophyrie obar- 
acter and that these flows and tlieir feeding dikes are of the same age 
a ltd character as those nccurring at Oastle Moantain, whoae origin haa 

already been discussed. 

■Geology of tlic Kiiruka irtatrict : Mun. 1', S>. Geol. Sarrey,V«LXX, Appendix B,l>.388. 
nuai Di'i.t- (MH.l. I'nlr.Calirotuia. Vol I p So. 
*6iiU.U. S. QeoLSorragr Ko. m.im,n, 131 «<>d 142. 



Digitized by Google 



CHAPTER V. 

GENERAJJ FErEBO]X>GT OF THB UTTIM BEUT MOOrTAINB. 

INTRODUCTION. 

Tbe igneous fooka of the Little Belt Monntaiiiflt taken as a irliole, aie 

of quite acid types. If the volame« of the yarioaa laccoliths, sheets, 
and dikes, as revealed by the stndy of their field relations, be taken 
together — that is, if they were melted dowa into oue mass — it is clearly 
evident that the total amomitef hmh nt^s, thesheetsiuid dikes of 
minette, and other lampmphyric rocks, would exercise almost no appre 
eiable iuduence on the composition of the whole; and even if the 
dioiite of Neihart and the shonkinite and monzonite of To£o Peak 
woe added, the composition of the mass would still be an add one. 

Thr s^nmo hns also been shown to be true of the neighboring eraptiTe 
district to the southward, that of Castle Moautain.' 

It is tbe belief of the writer tliat in this ease the average composition 
of the magma would be about that of a moderately acid syenite rather 
rich in lime and magnesia, and thus approaohiiig an acid monzonite in 
character. Unlike the Castle Mountain area, however, the Little Belt 
area, as may be seen lW>ni1Aie geologic map, does not represent a single 
tnpoitant center of oraptioikf bat ft oonsiderable number of separate 
centers. In these the magma has appeMred chiedy in tbe form of 
laccoliths, attended by mimerons sheets and dikes. 

It is possible that there was once a oonsiderable amoirat of eztmsive 
material, Hows, and breccias in the district, but if so, they have been 
entirely rcrao\ e(l by erosion, which has progressed so far that some of 
the deeper-lying laccoliths are now almost bared. 

Togo Peak, however, is the only emptive mass whloh, by its charaeter 
and rt'latiou to the sedimentary beds in which it is placed, suggests 
that it may have been the outlet of igneous material to a former upper 
surface. It thus seems ou the whole more probable that extrusive 
material in this district was of oomparatlvely limited ooomnreiioe, if 
indeed any existed. On the whole, tlioreforo, in disenssing the eliar- 
acter of tbe magnuis it does not seem uurea.souable to regard the 
character and amounts of the material now existent as representing 
laUier cloaely the sum total of tiie ptodnets of igneoos activity in this 

868 
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district without Rerioos loss by erosiou. If this is admitted, the gen< 
enl maf m* of tlie diitrieft mtut bftve been, ae eteted above, <rf a 
isther Mid Igrpe. ^. 

ROCKa OF THB LACCOUTH9. 

There is a somewhat striking similarity in the general character of the 
rocks; nf the larger laccoliths. This is due not alone to their chemical 
compoKition, bat also very largely to their texture and porphyritio 
Batmrai. Oompartng tbe aaalyeea of tbe laoooliths wbeee Toeks have 
been analyzed, we see that while there is a general similarity of type iu 
the cotn)H)sition and that they may be so arranged as to show a grada- 
tion, iu which, with decrease of silica, the lime, irou, and magnesia 
■toedily increaM) there is eonsldefable differaice between the ifst and 
laafe terniB of the acriee. 



I uj, n IV. j ^ I" 



A1,0.. 

Fe»0, 
J>0 . 
Mgo. 
CaO . 
Unto.. 

x,o... 



89.7 
15.0 
.8 
.3 
.7 
t.1 
S.4 
4.4 



n. 

08.6 

2.2 
.i 
. 7 
1.4 
4.4 
4.9 



67.4 
1&8 
1.6 
.8 
1.4 
9.4 
4. 1 
4.6 



67.0 
Ifi.S 
1.7 
LI 
L8 
9.9 
4. 1 
5.1 



66.0 
1B.4 
2.0 
l.« 

a.« 

8.1 

4.3 
3.9 



tiui. 1 

15.8 
1.8 
3.4 
S.6 
4.1 
3. !» 
S.9 



I. GrMiII»-porpbyry, Wolf BatUs laccolitb. 
IT. Gr»nitc-porphyry, Barker Mountein Iscrolith. 

III. tirnnitw-jwrphyry. Thunder Monntnin laccolith. 

IV. flranite syenit/fv-jKirjihyry, Bij: I'-iiUiv Mouiiluin colltil. 
V. DioritMjrenite-porphyty, 81io«p Mountain laccolith. 

VI. Diorite-porphyry, Bteamlnwt Moimt*ln laeooMtii. 

From tiie standpoint of the chemical classiflcation of mi^;tnas the 
▼ariatfaMi ii anlBoientto throw then into dilfarent rook groape, aa has 
1>f en ilone in this work, Tlifs dfATcretn c in the chemical composition of 
tbe magmas sliow8 itself most clearly in the mineral compooeuts, where, 
b^ittuiug with the moat acid typo, the alkali feldspars diminish, pla- 
gioolaee increases^ and with itsln e t ea a o the aaumnt ei qoarts iniOlr 
fttlsoC 
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ConsUtuent. 



SiO,., 

F«0.. 
MgO. 

CaO. 




I. Most Mid of iMooUtha. 
II. Ifaist ImrfA of UMoUdw. 
m. Average ef the els eaalyaed. 

Tlie average compnsttioii of the uiufimns taken tnjretlior shows, as 
stated above, that it ia of an acid syeuite nature, standing at the extreme 
upper limit of this gronp and overlapping the granites. It is also uot 
of an alkaline tyv^ t>nt tends toward the gnuilto*di(irite serieSi aod 
has thni a banatite or monaonite-Iike charaeter. 



XimSAL OOKPOSITZOir OF I^OOOUXHS. 



It la of IntoreBt to ooapare the laocoUtba aooording to their mineral 
eompoNitloii, ae hae been done in tiie aoneKed table: 





X. 


n. 


m. 


IV. 


V. 


■ v,n 

( 






LI 


h4 


a. 4 


2.4 


$.0 


2.5 






3.0 


4.6 


S.0 


8.2, 


7.7 


8.7 








SlO 


S.5 


4.8 


6.2 


11.. -> 


PlagioclaM 




17.1 




2«.9 


22.2 


33.2 


38.5 






37.6 


36.2 


42.8 


47.0 


29.0 


21.0 








aa4 


19.4 


20.9 


16.0 



I. Graiiito-poqibfrv, Wolf Biitt«?. 
II. Orsuite-porphyry, Barker Monntain. 

III. (irauite-porphyry , Thnnder Monntain. 

IV. OnoitMjeoite-porpIiyry, Big Baldy Monnteiu. 
y, Sy«Blt»dlarit«-porphjrr]r,8beeplfoai)teiA. 

VI. Dtortte-pocpliTiy, 8teaiBbo»t UbubMb. 

It must be confessed that on tho basis of f bin companitive table alone 
the classification of No. Ill as a granite- porphyry and of No. IV as a 
grauito-syeaite- porphyry seems hardly justitied ; that whatever one may 
be, the other it the lame; bnt in thia oaae it is not oboolately the mineral 
eompo.sition aloTie wh\ch has been taken into account, hut to some extent 
the structure, associations, eto., and fbeae appear to justify the diviaum 
thus mada 
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STRUCTUKE AND CLASSIFICATION OF THE LACOOLITHIC BOCKS. 

It 18 very interesting to observe how pertinaciously the well dolinod 
porpliyritio strovturo cUugs to tbese occurrences of acid laccoUtbio 
n>eka,'aiid this Is trneiiotalotie here, but nearly everywhefrdintiheltoely 
^[oaiitaili region. Cross baa sliowu its occurrence in tlio various moun- 
tain prronps of tbe Colorado, Ari/ona, iiml Utah ref^iun, while its occur- 
rence elsewhere in the 31outaua region has been shown in the earlier 
pctrographic deMsripttons of Lindgreo,* and more recently by Mr. Weed 
and the writer.^ Thus, in the Little Belt, the Castle, the Moccasin, the 
Judith, the Little llocky, and the Bearpaw monn fains and the Sweet 
Grass Hiils, thin type is coiutautly fountl as the characteristic rock struc- 
ture of the leocolithg and laecolithie oiaeMe of acid rooks ooonrring in 
these nionutuin groups. The rocks range from acid alkaline typea with 
little free silica through in<*rea8ing silica to very licid ones, and from 
these again into rocks low in free silica but coutainiug considerable 
lime ami magneeia. The intermediate posittoii oecnpied by many of ttie 
rock types in these mountain groups is Shown in the diseossion of tib» 
rocks of the Judith Mountains.'* 

That this porphyritic type of structiure is due to niagmoB of a certain 
efaemieal type— that is, of add HeldBpathie natnre— beiagintmded nnder 
la<;colithic conditions, and is not generally true of all magmas intruded 
m laccoliths, ia well shown in the Uighwood Mountains,^ where 8(]uare 
Butte and other laoeoliths composed of rucka whose magmas arc of 
medinm (M per cent of 8iO») to basio eharaoter have solidifted with 
tij'pical granular, noiijiorpliyritic structure. 

The rocks of the laccolith*) which have been described are ly[)ical 
granite', syenite-, and dioritu-^'orphyries, with many connecting types} 
nnder the system of classification urged by Roseubusch they are typical 
ex:iniple>> of ;,naiiitie porphyritic dike rocks. Tt is t<» \>c noted, how- 
ever, tliat in this iiiM-ky Mouutaiu region dikes ot this type, from both 
a geologic and a petrograpliic standpoint, i>lay but an insignifloant rdle 
when compared with the vast ma.sscs and importance of the great laor 
eoliths. Certainly one who from his exi»erieiH e in tlii<? region would 
propose a classitlcatiou based ou method of geologic occurrence would 
never dream of refbrring these rocks to a **dilro rook" snbdivision, bat 
woold be far more likely to refer the acidic porphyries ocoorring in 
dikes and sheets to ;t division of *'laccolithic rocks," the attendant, 
satellite like attitude of the dikes and sheets toward these great lacco- 
liths, flrom whose parent supply their material has been so often drawn, 

iLmmI1IIiI« nMoiitetii Rruupa: FowtMntk Abb. Kept. U. ft. 0«aL SnrMy, Part II. 180G, p. m. 

*BrupUTe rockaor Montana: Tentb Ceutui r. S., Vol. XV, p. 719; PVM. OdltaltoAoMd. MlttSliL, 
▼at III. im, 29; Am. JwttT. Hcl^ M Mtriw, Vol. XLV, im, p. 2M. 
*\m. Jon. SoU M MriM, T«L L, lao^ f. IM; «tk Mftaa. Vol. I, UM, p. S(»» taut. OmU YoL 17. 

18»l p. 390. 

•<;<».'rM:;v ,.( II,.- .Tii.liih NrMiintiion : Klghloriitlt Amu. I;. |»;. I . S. Uwil. 8ur^ - y I'urr III. ItttW. p. MS. 
'Weed iiud i':ia9uij, Hi|;liW(Mid MoaDtsins uf Uontaoa: iiuil. UouL Soc. America, Vol. VX, UW>, 
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fiiYoriug fhis fdea all the more Btrongly. Bat the very facts metitteiied 

above ehov that geologic i»OHitioii niid structure (-an not be tftkeii as 
unnldprous, and that in considering them obeinicaloomiio»UioumpetalM> 
be takeu iuto account 

The fttct, obeeryed hy Otms ' in the Phtteao region and by the irrlter* 
in many Montana areaa, that many of the phenocryetii of these ]>orphy< 
ritic hiccolithic ri»cks woro imt broiifrlit u]> from greater ili ptbs, but 
were furujed where they now are, liuds lull ooutirination aim in the 
Litde Belt ooenrrenoee. The dietribntion of the pheuocryHts ie often » 
loeel idtenomeoon* They may be very abundant in 8ouie parts of the 
niHKM urn! v<Tj' sparse or wanting «>r of iHflferent clinniffor in nther 
partK. They may be abundant in the central portion and perhaps 
▼holly wanting in the oontaot sone. They may be abnndant in the 
main la<Mu>lith and wanting in the eonteuiporary satellite dikes and 
Hliprts. And microscopically kohio of them nnvy include all the other 
rock constituents, or Ihey may, while growing, have excluded and 
arranged them. All eneh fhets point clearly to their ibnnation in the 
pliice where they now are, and tend to OOttflrm the Viev held byZirkd' 
in his diaeuflsion of this snt^eot.^ 



No differenthition of any peroeptible kind has been noted in these 

laccolit hs : they appear to be, so far as can he toM from (lie oxpusm cs — 
and in some cases they have been quite deeply dissected — entirely homo- 
gcneoos both in luiueral composition and in structure. They tlius 
differ most mwlcedly from the laecolitba of the Bighwood' MonntnlnSr 
whifh have such a different composition both in niiin^rals and in struc- 
turCj and also from those of the neighboring Jndith Mountains,^ where 
a certain amonnt of lecoolithie differentiation is olearly ludieatod. 

There is no evident reason which at once Kuggests itself why differ^ 
eutiatioii lum not taken place in tlicsc T.ittle Bi U luwoliths, ^ut since 
they are all of quite acid and of rather simple composition, this, com- 
bined with a eertaln vieeosi^ at the time of their entrance into the aedi* 
mentSf has probably been the meansof preventing aneh dlfliBrantiation, 



Here in the lattle Belt, as iu the other mountain groups of laccolithic 
ehatacter in the Boeky Monntain region, the depths at which the mag- 
mas are intruded appear to have exerted no preemptible intluence on 
their LMMinilarity. Tliose ;rrp:it innN-'sc.'; ititrndcd in tlic slialy 1k'<1h of 
the I'ainiii laii aiul bt'uriii;; :ibo\ <* tlii-iii thf (Miiiriiious load of all (he 

I I.iH'colithlc iiioniitjiin Kriiiifis: KoarU>r»lti Ann. Ut-pi. 1'. H. UtHil. :>ur\'C>-, I'url II, lil8i,p.Zll. 
*rii<Mi<K-ryiita of iutniitivf i^inooiis ruckn: Am, Jour. Hrl,. Ith MMTlas, VdLTU, UM* p> IT]. 
" I,«lirbu< h dtT r«U«Kr.ii.lil.'. 3d wl.. Vol. 1. 189:1, p 7J7 

Am. Jour. Sci .ldi «>rlc>», V.il. VII, IW, p, '.•71. 
• Hixb wood ItoauUlli* 4BaU. Qtot Sue Aliwric)!, VoL VI, im, y. MO. 
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later Hediments of the recioD are flne-ipraitied porpbyritie roeke, wbile 

tbeir intrusive sheets at mucli bigber borizons bave tbe aunie stnictnre 
and may even be quite typical granular rocks, aa in the case of tlie 
nepkelite- (analcite ) syenite of Otter Creek iutraded iu Cretaceous sedi- 
meats. Thi» aliowe 1u»w important a faeter chemical oompoeition is in 
rook stractniei.^ 

ROCKS OF THE STOCKS AND MAS8IVB8. 

From the staudpoiut of tbeoretic i>etrograpby tlie grauuiar rucks of 
the Little Belt Hoaotains oocoiring in intraeive etocks aad maiaes, 

aside from tbat of Yogo Peak, «Io not ofler any individual featnres 
wbicli are of e«pecii»l !tni>ort»nry. Tlu* syctiitp of Barlcor has a certain 
interest from tbe possibility tbat it may repi*esent tbe source or ceutur 
from which variona maeaea aroand it may have oome, which idea ia 
favored by its position and granular structure. Tbe Piuto dit>ritc of 
Noihart f*? itit«»re8ting chiefly for the evidences of dynamic sbeariiip: 
which it siiowS} its geologic age, and its conuectiou with tbe miniug 
indnatriea. The aagite-ayenite of Belt Creek and the nephelite- (anal- 
cite- > syf'iiifc ofOttt'i- (Tn-fk arc iriii)ortiiiit from their iietro^mpliif char- 
acter but not trc»iu any direct relationship with other igneous rocks, as 
tliey are isolated and not a portiuu of a complex, and therefore there 
ianodhrect coniMOtioii between them and other maiaea. The chief 
interest of this kind cent^^rs at Yogo Peak, where, as was shown in the 
former paper on tbat area, there is a progressive cliauge iu rock tyi>m, 
to that one paaaea from an add qrenita over oontiiraonB rock maaaea 
through the moumnita ataga into ahonldnite— a very basic rock. 

Tf one, however, as may l»e seen hy referring to tin- fji-olof^ic mnp 
and to tbe full description of tbe peak by Mr. Weed, takes the i'^ogo 
Peak maas aa simitly the westward extension of the greater intmsive 
stock which stretches some 4 miles more totbeeaatward, it will be seen 
that iti tliis direction the syenite (banatitei of Yol'o IN-ak piwses into a 
still more iuiitl stage, tbat of tbe syeuitio granite-imrpbyry of Yogo 
Peek type previously described. As one passes on to the eastward 
this gives way to syenite- porj>hyry and then to another occurrence of 
shonkinite. wirii li forms the bontidary against the sediments at the bend 
of llunning Wolf Creek. Thus tbe geologic position of the syeuitic 
rocks and the shonkinite masses is a peripheral one with respect to the 
more aciil ;ri iuiitc-i)or|)hyry and to each other, pre4;isely the ]>osition 
demHtub"(l by tha't view nf tVieoretic petrology which regards difleron- 
tiation in rock masses as prodm-ed by tbe accumulation of basic niaicrial 
at the outer walls of the liiclosinf chamber, with tbe more acid material 
within. In strict accord with the theory one would expect the whole 
outer margin of this maas to be composed of syeni tie rocks encircled by 

< CtoM, LaeraHtbie mmiatala gtotftt VooitNDth An> Bept. U. 8. QmI. Snrrv^, Fart tl, UN. p. 
m Bm alM Oaohfr Jnlltk Maaatdaa s llgkMMlh Aoa. i&fH. U. S. Owl. Santr. Purt ni. ]«M, 
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Bifaonkiiiite; it is indeed xtosaible that this is bo, bat it could not be defl- 
vilely determined in tbe field, partij on a( c ount of the natare of the 

ground, froTH M iiicli tlto exposurea were citlit'r inaccessible or covered 
by talus slides and dt bris, and partly ironi lack of time to devote to a 
long and minute remareh. 

There seema, however, to be Bufllcient facts at baud, uot only to 
show that tbe Yogo IN-ak u\;is:< am] its eastward pxtctision are an 
example of diSureutiatioii lu place, but to add certain im'tti couceruiug 
Bncb ooeonenoeB. This is ehown In fig. 77, B, vbleh is a little aketch 
map of the area. In A is sbowu, in ground plan — that is, iu bfirizontal 
section — the theoretical disposition that an originally honiogcDeoas 
magma would assume on cooUug, tbe more basic portions differentiat- 
ing toward tbe marginB. It ie very clear that, the rate of oodling being 

most rapid ]iro|>nrtionately along 
tbe sides, the greatest amount of 
dift'erentiated material would be 
found at the enda of the cavity; 
it would bp very thin aloujr the 
sides, and might eveu be wauting. 
Bven if one ooneiiterB difhreotia- 
tion to be a piocees of fraetional 
cry»talli/atic»n. as has been sug- 
gested by iiarker' aud elaborated 
by Beeker*, the reeolt ironUl be 
the same. A familiar example 
wonld be the filling up of tlic cor- 
ners of a veasel coutaiuiug a crya- 
ttdlising saline solatibn and leav- 
ii)^' n ronnded cavity in tbe center, 
which contains tbe niotbcr liquor. 

The figure given siiows the 
ground plan of the cavity. The 
vertical extension is not here con- 
sidered. It is of the iiattrre of a very broad, t!iiclc dike. Tbe Yogo 
Peak mass, as shown in the sketch map, bus approximately this gen- 
eral form and arrahg«nent of material, and is ttom half a mile to a 
ijiilf in width and several miles in length, and lii iu e could hardly be 
called a dike. Yogo Peak proper i.^ a somewhat bulbed extension, and 
it is here that the difiereutiation ot the magma is seen to best advan- 
tage, and has been already btielly described.* The varions types, pa8a> 
h\g from the frraiiitc jmrpbyrv southwest along tlio peak, {^radiitilly 
merge into one another along the exposures, aud one passes from tbe 
granite irarphyry into syenite (baiiatite), then into moon>nit4>, and 
finally into shonkinite. This is shown very strikingly by theoomparison 

>Qmrt.Joar.Gw>LSoc .. Vol. L, UM. m. 

Joiir.8oi.,4Ui MriM. V«LIV, IMT. p.m. 
■W«a4 md FUvtam, Ismou* iwikfi «r T<«a IMi: An. J«w. M^M. awiw, TAl. UNk p. 417. 
•m ako tto ftaU adMdDt stWK bf Mr. WmnI la tha piMtdlag iinllM af ttfa in^ 
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p, plAt<^auoxtensioo : 6', StOrrfMkl 
of Kimuiuc Wolf Creek. 
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of tlir ( ]i( iiiical analyses of tliO'tn>t='s involved. Fine fresh material of tlie 
gru]ute-i»orpbyry suitable for analysis and equal in quality to tbe other 
iddcB WM not obtained, and tberelbre an analysui of the granite- 
porphyry 4^ Ibonder Mountain is sekH>tiii in its place, as the Imo hk ks 
mmt he vpry close together in their rljemical composition, as shown by 
the Ktudy of thin sections. The Thunder Mountain rock has possiblj 
not quite bo nrneh free qnarta, and benoe a little lower content of silica, 
but for our pnriK>se ench small differenoeaas ninet exist may be practi- 
cally disregarded, since they coald have no efTect upon the genwai result. 



CoutltntBt. 

SiOi 

AliO, 

.... 

Fe( ) , 

MifO 

CaO , 

NM> 

K.0 



n. 



G7.4 
15.8 
L6 
.8 
l.i 
S.i 
4.1 
4.» 



61.7 
15.1 
2.0 
S.3 
S.T 
4.« 
4.4 
4.5 



III. 

U.S 
8.S 
4.1 
8.1 
7.7 
S.4 
4.2 



IV. 



Id. 



49.0 
12.3 
2.9 
fi.S 
9.2 
9l7 
2.9 
4.9 



1. 124 
.153 

.010 ; 

.012 : 

.03£ E 

.043 * 

.OQB i 
.069 



ttm. 

. n r. 
.018 
.031 

.092 

.mi 

.070 
.048 



I 



Itlo. 

0.007 
.13!) 
.021 
.057 
.152 
.139 
.055 
.OU 



(i. 813 
.Hi) 
.018 
.080 
.229 
.173 
.088 



I. Grauite-porpliyry. 
II. .<<y<>uiu> ( iiaaatlte). 

III. Uoozonite, 

IV. Slionkiiiite. 

In— iy«.->-M«l««iilH <nddM «f pftooding. 

At the cast end there ure no such excellent outcrops to foinish : 
rial for iiive.stigation and analy^^is at Vogo Peak proper. The change 
is from the granite-porpliyry to a more basic syenitio phase, with very 
little quartz and predominant orthoclase. This is characterized by a 
eom-s|Kiiiding change in microstructure, the sections of the rock at 
Stoi j' Teiik. where good nniteria? is seen in the outt-rops, .showitifr, us 
](^>reviou!*ly described, a rock that is already nearly out of the iwir- 
pbyritio stage and almoet a ftilly granular one. In the hand apeeimen 
it appears wholly rather fine granular; the minute amoant of gronnd> 
tnasK ia seen onlj' under the microscope. 

Still farther to the eastward, where good lre.sh rnat«rial is louuil 
again, it is the coarser-grained shonUnite, with typical granitoid stmc' 
ture. Thus, as so commonly is the case, chemical composition and 
structure are directly related, and this is shown at both ends of the 
mass. The tendency of Ihu very acid magmas to form i>orphyritio 
Toeks nnder the samo oonditiona where the basie ones form granular 
types, is here well exemplified: ami althon<,'h otic expects the center of 
a mass to jHissess conditions more favorable for a higher degree of 
granularity than the periphery, this is manifestly offset iu the case 
ander oonsideration by tbe elongated Ibm of the sums, whitdi in a 
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groat dcj^e exposes its whole cH>utetit to more nearly equal conditions, 
and thus we find ^anite- porphyry {with, however, very coarse ground- 
uasis) and the ooar^frrained ahonkinita united in the same uaas. 

As tho thoorptical diaffram nf fijr. 77 would indioatf, otip would 
Qxpect more basic material iu slight amount to occur along the &idesof 
the mara. It may indeed do so, but tUs fMrint the aittibor is unable to 
decide* fioiii (lersonal observatione, for the rea.son8 friveu above, but it 
can at least ho said that if it dooH occur it small and of no iliipOT- 
tiUice, except from the theoretical point of view. 

A. modiAcation of the foregoing theory for the arrangement of the 
several parte of t1i<- Yogo Btook might be sug^'cstod as follows: It' a 
body of magma had been pressed npwaid into a cavity o])etie<l for it 
iu the crust, and had then remained for a period at rest, it might have 
difftfentiated, as required by theory, into a more baste outer envelope, 
passing intomorc and more acid material vitb in. If at this time the pres- 
cut oi>eninp wliirh the Yopo stock now occnpifs had formed, with a forc- 
ing upward of the dift'crentiated material at the same time, the acid iuuer 
portion might have lieen driven through the more basle envelope, crowd- 
iiig it back into the ends of the great fracture and it«elf occupying the 
inner part. It is thonght, however, thnt the greater part of the difler- 
eutiation has occurred after the material came to rest^ or at least very 
nearly so, and that movements after the main ii^ction have been slight) 
OtlM fwisc tl>c firdeily arrati;rement of the part*, t;ilcon as a whole, wonld 
have beeu disturbed, with a consequent large amount of mixing. 

FOBMATION OF THB APLKHO DIKBIJETB* 

The iinmerous little syenite-aplite dikelet>^ or veins wliich cut the 
Yogo rocks in all ilirectious, previously described, arc readily explained 
by the following hyi>othe8ia: As the upper and outer masses of the 
stock crystallized into rock and cooled they contrai^ted and were 
br«)kcit into innumerable bloilvs. like all i<jneotis rocks, 'flu- heavy 
masses, testing ou tlie still niol ten, unconsolidated, acid, inner, lower 
portion, by their weight ;;fadually foroed it up into these fractures^ 
where it solidified as the dikelets. That the material was forced into 
the fraetnre ])1ancs of the rocks while they were still \ cry hot is showa 
by the gninulai character from wall to wall without sign of contact 
iuflnenoe, and by the fact that auoh very narrow dikelets are really 
granular crystalline and not glassy or mierocryatalline. The fraetnre 
planes wonld also serve as ehannel wny* for ewapiug vai)ora from 
below and from the walls, and tliese would tend to make the magma of 
the little dikes estrenely fluid and enable it to penetrate the narroweat 
eraoke. 

PIFFERENTIATION. 

Throughout this report this term is used to denote simply tho clear 
ing of au igueous magma into two or more of diilerent composition ; it 
does not denote any theory as to the process by which itia acoomiiiished. 
That differentlatiou occurs the author regards as long since demoU' 
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8trat«id. Tb« process that can«es it. wiu'ther niolecalnr How, coiivec- 
tiou currenUi, fractiouol crystaUizatiun, or other uf the various theories 
tnggwUA, ttmaiM fo be diaoovercd. 

TABiAViON nr aniiB&Ai. ooMPOsiTioir. 

The duuraoter of the progreMiTe varlatiink in the rooks of Togo Peak 

w shown very clearl\ liy the study of the table of analyses, with their 
oxides, which has just Uwn presented. These exhibit many features 
of interest when studied in comparison with the mineral composition 
and poritlon of oocaneiioe. Thus with respect to the mutnalralatioDa 
of limn and magnesia, the table shows that in molecular propoxtiooSf 
£roin granite-porphyry to shonkinite, they run as follows: 

M&UimUtr proftitifmt limm wkA wtagmtta to rvckt 9f Yof JfonlMw. 



Mk< ' 35 92 152 I 229 

CaO -13 82 138 ! 173 



Thus in the granite'porphjrry the lime is greater than the magnesia; 
in the shonkinite. tlie reverse. This shows itself clearly in flio initu'inl 
products formed from the magiuatt. lu the grttnite-porphyry tliere are 
hornblende and plagiodase. The snrplos <»f lime oontrols and shows 
itself in the feldspar. Then, as therelative amountof magnesia increases, 
the latter begins t<» ctditrol: more of the lime is taken up by il.niid 
augite begins to appear and the i)lagioclase to dimiuish. Finally, in the 
shonldDite, where the magnesia is oonsiderably in the lead, hornblende 
in its ratio to })yroxene almost disappears, and the iHa;ruesia takes the 
lime into augite before the plapioclaMe <>omTnenres to form. Therefore, 
ill the most basic type it is entiixdy ivantiug and we see the surplns of 
magnesia fbnning oliirine, or in eombinatlon with potash and alnmina 
jiroducing biotite. These relations are also shown in the following 
table of mineral components, in which, however, the most basic type of 
the shonkinite is not represente<l, on accouuL <>(' the lack of its analysis: 



litblt thuKinij mineral 


cumjxiRrnla of r«i>k» 


«/ Yogo J'rak, 


MoHlana. 




GoMptninit. 


j Gnnli*- 


' * ' f" 


1 

■IMIlllt. SlM 






2.4 : 


3.1 


6.1 1 


1.0 




2.1) 


.9 


U.1 1 






3. r. 


12.0 


4.S 


4.0 






5. 1 


30.7 , 


85.0 
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10.0 
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T]\oy can be even more strikingly represented hy a serifs of ilinp^rntn- 
niatic carves, as shown in fig. 78. lu this equal dintances have beeu 
taken m nbteiBaas, nod on the pttrpendfonlara eneted the amonnts of 
Cfteh mineral have been set ofl' as ordinates, and tbrongb tiiese ]x>int8 
the curves Tiavo been drawn. The di;ifrram shows several features* of 
interest. Thus the pyroxene, determiued by three iioiuts, is absolutely 
A Straight line. The qaarta, determined by two points only, ie alee 
drawn as a straight line. The olivine, fur which one point only exists 
is of course purely diagrainmntifi. The curves between poiiit>i ran not, 
of coarse, be very exact, but they are suiHcieutly so for this puri>ose. 
There is an interesting matnal rdation between hornblende and bio* 
tite; tbe.v appear to roniplfnient oa<li otlicr. Tlio j)rep<>iult'rance of 
orthoclase over piagiociase in the more acid rocks — the granite- porphy- 
ries, passing into the sj'enites (bauatites) — is practically lost in the 

monxonite and then svddenly aoqalred 
afrain in tlie basic tj'pe«. In the more 
basic Hhonkinite, lying to the right of 
the diagram, i t is clear that hornblende, 
iron ore, and plagioc huse would be 
wanting, which is, indeed, the actnal 
.fact. 

It is clear, also, not only that the dia> 

gram thus constructed represents the 

mineral variation at Vogo Pt-ak, but 

that by means of it we may obtain the 

minwal composition of any of the inter* 

Fio. 78— vaiiiHam ml miDMirit la nek« mediate prod acts of the roaiss by erect- 
or Toiro Puttk. . . I 1 • J. f 1 

at a suitable ponit a p«Tp«'ii(ti( ii]ar ■ 
parallel to those already drawn. Thuu the ^loiuts at wiiich it is inter- 
seoted by the curves, measnred from the foot with a millimeter scale, 
give directly the proportfona by weight of the mioerats for the interme- 
diate rock typo. 

The proper method to have constructed this diagram, with correct 
abscissas, wonld have been to h«ve measnred along a line from the 

graTiitp porphyry to tlic slioiikiiiitc boniidaiy in the field, and. noting 
the distances at which the types taken for analysis occurred, they 
would have furuiBhed correct data for the abscissas. Then to ascertain 
the mineral composition of the rock mass at any point it would only 
be neeo>isary to meaRnrc from there to tlio jiearest point where the 
oomposition is known from the analyst's, and, erecting a perpeiidicular 
at a oorreaponding point on the diagram, the curves would give the 
mineral oomposition. 
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inflCUSSION OF JLVGMAS MY <;i{AIMII< MKimiDS, AND 
ABSORPTION OF SBDllU^NTb BY HA.GMAB. 

DISCUSSION OF MAGMAS BY GRAPHIC MBTHOXW. 

The iiitrodiu'tioi) of fjraiiliic methods for the stnflyand comparison of 
groups of related rock iiualyses we owe to Iddiiigs,' and more recently' 
to Becke,^ Micbel Levy/ and Brogger.*^ These nietbods bare bad tbe 
adviuitoge of presenting mora dii«eUy to the Ajre th« ItaniiRlied 
theaiialyRps, and thns thfy pprmit a more diret't compurismi of the coni- 
positious of tUe rocks witb each other than can be ma<le troin the table 
. of fliniree Riving tbe several amonnto of the roek-makiug oxides in 
molecular proi>ortion8. This is more especially true of the diftgmms of 
Michel I.i'vy and of Bni'T^pr. The diafrrnms nf Idding». on the other 
band, do not tserve so well iu this dii-eotiun, but are more useful in i<bow- 
ing the nratnal relfttious produced by yroceews of difl^rentiatlou and 
the direction in which the oxides tend during such processes. These 
metliodK, tlieii, may he said ro re|»res<»nt j»iet(M ially the analysis and to 
make its results more easily gnisped, especially by those who are uot 
ehemista and to whom the unmttical resalta of analytioal work do not 
readily appeal. 

It has always seemed to the writer, however, that the resiiltH so far 
obtuiueil by the^ methods have beeu inadequate. They i>ennit of com- 
iwrison, it is true, bat what has Tesnlted fh>m the eomparisons of the 

' diagrams would mainly have resulted from comparison of the analyses 

themselves. It would seem that the analyses are mathematical data, 

^ which, if we knew bow to use tbem rightly, should euable us to place 

tha sabject of differentiation or the derivation of magmas from one 

I another nii a more niathematical basis, and tlius to ;:^ain a better stiite- 

meut of the laws guvuruing these pFooesses, and by aualogy to suggest 
new id^as. 

Eftorts tending in this direction by n«e of tbe graphio method have 

been made by Iddings*^ and some very intere5?titipr data nf>trnnerl. On 
the mathematical side Brogger' also has given sonie very remarkable 

■ 0ngia«f IgaMtM roclui BnlL PhilM. 800. WMhington, Vol. XII, 18I«, m-$U. 
* la nnnnir tli* iiKnf tlw aotltor UkM On apportiiDtiy lo neotlon bJm th* alftbmu and iwaotlAil 
^lagnnt of Ute»)o«M-Iiawtog, irhtali tev* Jiwt bam hmIvmI, bi kto wwk Stodtan ttbar Kmf- 
«TjBBit«a*i Compt. ItaMl. flhCiMK.OwL tstoni^.. UNi pw IN. 
I * TMhtr. Slut., Tot. XVI, 1«M, p. W. 

4 Ball. Soc. 0«al. Triwee. M Mr(t«. Vol. XZV. ]8>T. p. «2». 
{ *aMIS8«(blK« ilMLuinlsllta, p. 2H, TldMukaU Sturlft I, Mktb.-nat. XL 1M7, K«. >. 

I < Joar.OMl.. VdL III, UBhp. OST. 

I 'OuoBfRlfs 4w LMtrttOlt*. IMb p.m. 
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dativ ahowiug that the varied ul»gll)»^j of tlie south Norway region can 
be derived by the admixture of parent magmas iu proper quantities, 
and these latter, which n^preseut types actually ocearreDt inthedU- 
trir t. may themselves be derived fn ni iiiipUT forms. When one ecm- 
sideiH the lar^ie number of variableci in the magmas, tlnsm agreemeuta 
fturnlsli one of tlie most powerfW and logical arguments against tbe 
contention of those who see nooonneetion between the diitribution and 
the chemical comtH>sition of i{;neons rf><*ks uird lele/jate t!ie whole affair 
to chance and chaos. In the original diagrams ot Iddlugs' and in suc- 
oeeding ones by WMhiogton,* Dakyns andTeallf'ftnd Harker* tbe moleo- 
nlar ratios of the stlioaftreinade to serve as abscissas^ while those of the 
metals are taketi as ordinat«'s. Sn|iin»<e(lly tho reason for this selec- 
tion is that the silica in ilie only acid present, the metals being the bases. 

It has appeared to the writer, howeyer, tliat tbe silioa, being a variant 
and closely connected with the other oxides, should alao be nsed as an 
ordinate in any schenif whii li slmuld graphically represent the varia- 
tions iu the magmas of a given unit district. The difficulty arises that 
there seems to be no deflnite baais on which to seleet abseiaaas. We 
might, for example, select the relative volumes of the various rocks, 
but these are rarely even appioxintately known. An attempt in this 
direction has been made, however, with the Yogo Peak rocks, with the 
effect of fomiahittg some teanlts which are not only very interesting, 
but even surprising. 

For this puri>ose e<innl distances of 2 centimeters have been arbitra- 
rily selected as abscissas, and at the points a, h, c. and d of the aooom- 
panying diagram (fig. 79) perpend icolara have been erected. The 
retisnn for thna arbitrarily scle^jting these rrjiial tlislaiices is the same 
fHA that previously given in the explanation ot the diagram of mineral 
variation at Yogo Peak (tig. 78), because they ropreaent in a gen- 
eral Way tboae relations seen iu the field. On tlie perpendionhm 
thus erected distances in milliim'tfr^ have been measured off corre- 
HiHindiug to the molecular relation of the oxides as shown by the 
analyses of the Togo Peak roeka, the moleeolar ratios' having been 
malti|ilted by loo tbronghont for convenience. For greater accuracy, 
however, n Scale of twice the size at wliich tlif fifjure is reprmluced 
hits been actually nse<t iu plotting and obtaining the results given iu 
the following work.* 

At d tbe molecular ratios of the shonkinite have been measured off 
ami plotted, the silica licirtp piven twice the scale of the other oxides 
to condense the duigraui, and tiiiM I'ehition of the silica has been fol- 
lowed tbronghont the aeries of aoalyaes, since its line does not Intetseot 

ijSgteaaadllatkMMit Jow.GmL. Vol.IIT.im.*.l«l. 

*G«nlMd HniandHMUBnM: Qrart Joiir.OMl.8M.. V«I.ZLVI1I.lM.y.Uli. 

*Carr<M.'k Ki ll: Vtiari-.Tour. (leol Sih-.. Vol.I,I.iaNvp.in. 
' *Ia rrpro<luciD( tlif dlagrani, wbu-li ir»« plult«d m4 4l«wa witb (mil «•!•» <k« cd( I* ftwoA to 1m 
iHit al>s»lti(rl V arcunite in • vartlcal directiM, tiMllgil «dtNet hUliltmiUOf. TM* ImW MMHTCX 1» 1k» 
ptoeetiit of neprMluctioa, ud aliMiU b* k«pt it m«4 1» c—» the irt— Wta i i te to w rt bii la tti MSMr^ 
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tboee of tlu- oilier oxides. At c the monzoDite bus hccn sitnilnily laid 
oil', aud at b the syenite (banatite). Siuco goodmaU'i-ial tui iliu aualy-sis 
of th« gronito-porphyfy waa not eolleeted, the analydB of tbe freBb and 
precisely similar typo of Thunder ^loiititain has Tu'en clio-Ji n in itn 
phice, a^ was done in the diagram of miueral variation, and ita molecular 
relations have been plotted at a, Throogh the similar points thua 
obtained on the fonr petpendioulars lines have been drawo, and the 
resulting diagram shows the diiections of moleoalar variation at Yogo 
Peak. 

It is of interest to study this diagram and observe the mntanl rela- 
tions and charaoter of the lines or dUDBrentiation paths of tin- oxidi s. 
The silit a. nf r ourso, does not intecasot any of the others. It viU be 




Fio. 7!>.— Dlffcrei t i.ri'n <Unjpiim of Littlo H«-lt McniDtala iwkn. n. ' , i- i' ir ulyic* of mckn of Vo^^o 
PtaU; a, (franltf [liii ; ' r;, 'mT 'rhiiTnl«>'- M«-nr.)a«nt ; py.'Tittf fli.ni;it it . liouzoDitc ^ i(. i>Loiiklliite ; 
y. iii'.u«'Ut\ SliO'p I r, 1 1. ; --, iIj.h .ic pi rpl) . 1 ;, . Mi'jiiili'i i; "iliii uiiili: ; r. -_vi n!tc-«Ilorlif'-|>ori>livry. Itear 
Park I t, «yeDit»-grai]itci-ai>lit).', SU<h'(> Crtirk; «, j;niiiiu--iH>ritb>'r}', livk*?r MonulaiUj p, fmutlia-por. 
Vbyry.nrair Bnttwr r.tfe||«Utodlli«,ToxDSldgai ■,adMwrite. 

noticed atoneehow verjr nearly straight lines the alumiuay silicii, and 
ferrnn-^ irnn are: the m!ifrTU'>si;i, the sodn, riii<l flic jxitash seem to iiidi- 
ealu very llat curves; and probably they should all be drawn m very 
flat cnrveB. The apivroaoh to symmetry vhich the flgnre possesses 
seems to indicate that the abscissas have been taken with a fislr degree 
of oonrectnesSi ami that this is so will be shown in other ways. 

On a provions p^p-o it was 8Uf,'fff>t<?<l tliiif tlie mineral coiniKisitidii of 
any of the gradational types of Vogo i\'ak couid be found from the 
diagram of variation there given ; and so, in respect to chemical compo- 
sition, the diagram of variation jast described should give the ohemieal 
composition of any tSf thv iiitprrnc<liato varieties. Unfortunatoly. Irav- 
iug used all of tbe analyses to construct the figure, there are none left 
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to direct ly tc'«*t this, but a study of the other analysps of rocks of this 
region sUo\c8 the striking fact that this is the diagram of variation for 
tb« igneous rocks of Uie Little Belt Moantains. 

Thus, if at the jminty, distance one-lialf centimeter from o and oue 
and one lialf frotn (f, we erect a i>erpendicular to ( (J. the point wliere it 
iutersccts thv hues of the various oxides, meuMured by a uuUiiiietei' 
scale to its foot, wffl give tiie tnoleealar ratios of » magona intermediate 
iu type between c ami <1. Tlii.s is shn«'Ti in tlie following (able, where 
the (Ir^t eolmtin give.H the intercepts in millimeters — that is, decimal 
parts of a meter, which are here considered as molecular ratios — which 
multiplied by tbe corresponding moleealw wetglits give llie peroentages 
seen in the second colnmii. This is tlio theoretical eompositton 4^ a 
magma between o and d in composition. 
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I. Mearamd mclilea 5 mm. leA. of c in Ag. 79 oqaala molecular ratio*. 
II. Above eoDTMrtod ioto peroanteigM; X-DTiO^HtOtP«Oi,ete.,Bapplied bj4I^ 
ttrmen. 

HI. Actual ;in;ilyKl« of IIlitll^^ lo i>f {i|i]t< r S!irt']> Trcpk. 

IV. Thrr^e parts ot Dionjcoiiite and one part of Bbonktiiil« lutxeU. 

In The thirtl column is given the actual analysis of tiie minette of 
Sheep Creek, aud it will be seen at once how close is the agreement 
between tbe two, only* ftw tenths of 1 per eent> ezoept iu tbe lime 

and magnesia. 

It is clear from tbe foregoing that the minette magma y, cous*idering 
its ^Kisitiou between c aud where Jyc = yJ, can be expressed iu terms 
of 0 and 4 as follows: 

The solntion of the equation is given iu the fourth column of the 
n<1toiniug table^ aud agrees very closely with both the theory derived 
by measoramoBt of theiateN^ts aud Hbm actual analysis. 
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The Bheep Creek miuette is not, however, the ouly magma which can 
be thus derived from the differentiation diafrram of Yopo Peak. Tf at 
the point betweeu a and 6, » perpendicular be erected we can obtuiu 
in the some way the oompwitton of the magma of the Steamboat 
Mniiiitaiii laccolith; similarly the peri>endica1ar v gives the rock of 
Bear I 'ark, an<l f tlio narrow dike nf aplite ({ifraiiite-syenite apHte) 
cutting tlie miuette ot iSheep Creek, wkiich is thus m> well showu to be 
complemeiktary to ft. The leentt of thi>fm ooinpariaong la ahown in the 
followiug table. Tbe Hymfaol X atands, us before, for the titanic and 
phosphoric ncids^, barinni, nianpfrtnese, water, etc. 

It ia also evident tliat the rock eouipoHiug the laccoInU of lUg Baldy 
HoiiDtain should be lucloded in the aeries^ sinoe ita analysis is nearly 
identical with that of Thunder Mountain. For thia reoaon ita ealcola' 
tion firom the diagram has not been attempted. 



CofiMituaot. 


A<. 


A*. 


A*. 


• V. 1 


S*. 




0». 




810 


1 . <>5() 


»a, 0 


62. IS 


1 . 0X0 


♦M.8 


64. tC) 


1.110 


66.0 




Al.O,... 


.Uti 


15.0 


15.77 


. IM 


15. .5 


15.41 


.150 


15.4 


V>. 09 


FejOt... 


.013 


1.9 


1.83 


.01$ 


2.1 




.010 


1.6 


1.97 


VvO .... 


. i 


•2. 1 


2. H 


. O-'O 




l.tio 


.01(5 


1. 1 


1. 17 


MgCl ... 


.(ISO 


3. a 


3. fid 


.090 


2.1 


2.65 


.043 


1.7 


39 


CmO 


.OIK 


4.2 


4.13 


' .060 \ 


S.3 2 S.OT 


.049 


2.7 


2.m 


K««0... 


.010 


4.S 


S.«!t 


1 .0Q» 


4.0 ' 4.25 


.MS 


4.1 


S.fi0 


K O .... 


.060 


4.7 


3.91 


.090 


1.7 




.€6S 


4.9 


1.91 






1.6 


2. 50 


1 


1.7 


1'. 2G 




1.9 


2.29 


ToUi. 














1U0.U 


100.23 


100.0 


100.11 




100.0 


09. 8S 




1 1 


1 



JiK Molecnlar proporttoBB of oxMm anunivd st z In llf . 79. 

A-'. AUovo cooverteil into perceiit«>fr=i. \ Ti'>;, FjO,. ftf , ■supplied by (iifTemifle, 
A '. Ai-tiial aual^'NiH r>f <li<irit«-ponihf ry of Steamboat .Moniitala laccolith. 
!{ . Muleeolar proportioiiH ut r in diSgCMB. 
B<. ▲l>oT« floiiTartad into pereentogeM. 

B*. Actual analTSiii of «jen{t»-dfont«. porphyry of Bnr Psrk. 
C Molefiilin iirn]..!! timis ut ' in ili if^nuB. 

Above conv«;rt(<l into percoiitagtw. 
C". Analjnb of syaaito-gnnttMpUt* entttog uioAtto at Iwad «f ik««p Cimk. 

It ▼ill be seen ftom the table that the agre«nent between the oal 
cnlatetl value.s and those Ibnnd is very close. It may be said of these 
rocks that, g:ivea tlic jiprrontaf.'c of oiki element, the clienncal compoai" 
tiou of any iuterniediato tyjie can be deduced from the diagram. 

SXTENSION OF THE DIAOBAM. 

The quite rcLTular ami symmetrical chaiacter of the diagram safjj^cst.s 
that it might be carried out by prolnnfjation of the lines, and that 
perhaps other magmas, on the one hand more acid, on the other more 
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basic, iiitgliL bti derived from ii. Tlie n^lHiious already shown to exist 
may also be true of other magmas of the distriot. That thia fa ao is 

easily show ii. Tims to the left of a. in i)'^. 70, wo may extend tlio lirit-s 
of the uiok'riihir oxides as shown by the di»tt<-'d lines. They are carrietl 
oat as far as r, which marks the limit of the diagram. The magnesia 
and ftmoiis iron have disappeared before thia point is reacbed. If we 
now PTPcf a perpendicular at f ami mcasnrr and mlnre to percentages 
as before, we obtain the theoretical magma showu iu the colamn A' of 
the annexed tablei^ while A' fiirea the actaal aaalysia of the Barker 
Uonntsiin rock. The agreement is vet y sti iking. In the same manner, 
perpendicnliii s pfpctrd at ;> and at r orlior mnprmns w1io<!p relations 
to actual types are shown iu the annexed table under li and C. The 
agreement is qnlte close on the whole, bnt it is to be noted that the 
alnminaline, instead of being a straight prolongation of theai section, 
really curvos slij^litly down ward, if wo take the percentages found in 
the analyses as ordinates, and thus completes iu its whole oonrse a 
very flat, gentle carve. 
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A*. NolMnlsr proportion of oxldwi nMMarad mt •in fi|^. 70. 

A«. Abovo ooiivertptl lulr) .^ulu:;*-^- Tiri , i> r» . II;0., etc., by diffBrnHM. 

A\ Actual Muttf sU of granit«-porpliyr}' of Barker MuuuUtiu. 
B>. Molsoalmr proportion of oztdw at p in diagimui. 
B<. Above oonTOlted Into peroenUigeB. 
B\ Anal5»i.H of granite-portibyrj of Wolf Butte. 
C. Mrtlecnlar proportion of oxides at r in dtagVam. 
C*. Abovo ooDverted into perveatsgM. * 
C*. AnalysiB of Thjollto^parphyry dike on Togo RIdg*. 
D'. Moleculnr proportion of nxid. > at ; indisgmm. 
D-. aI>ov« ronvertpil into ptrrf^ntages. 
D*. Aimlydia of niiHHoarite of Highwood Monntaiai. 

Vol, II. ISllfi. p. Ml.". 

If now, on the other hand, wo extend the lines to the right — that is, 
iu the basic direction — we may derive basic magmas aud e.\amine what 
the produete of the diflSsrentiation in this direction might have been. 



Ajd. Joor. Bel., Ath 
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If at z, iu wUicb the di8t4Uicti zd equaU that of aly we erect a peri>eu> 
dicttlar,the intenwipto on the prolonged lines are seen in D> of tbe 

annexed table, which yields the tln-uretical majrmn of 1>-. An iiispec- j 
tion of this magma Hhows at ouee that it is typical for a ba«ic leucitic i 
rock, and that this su is »huwu by itn geueral clone ugreemeut with ! 
the ftDftiysis of nilaeoarita of the Higbvoo^ Ifonntains,^ » grauuJiir, 
iiitnisivn ui]<rit(> olivino Ipudte mtkf the gninaUur platonie repreiient' 
ative of the ieucite baimlta. 

Tlie relation thua bronght ont is » most Intacesthig one. It shows 
that if diiEarentiation had gone on as far beyond the shonkinite as tbe 
lattt-r is trom tho inonzouite there would have Ikpii fiiiiiu'<l, not a 

roxeuite, but a misiwurite, aud it Hhows the intimate relatiou between 
the hitter and sbonkinite. This relation is oonflrmed in Ihot^ Ibr the 
slock wbich furnished the original missourite has shonkioito phases. 

We Miav thns tliiluc*^ that in rcf'ions where mouzunite occurs as a 
main ^tock type both shoukinite aud niissourite faciea aud depeudea- 
des nre to be expected and should be carefblly looked fiar. 

It is alsotjuite true that thio deduced magma might expret>8 itself 
as a i»yroxene biotite rwk 'biotite instead of olivine and leucite', and 
eS|)ecially if the magma crystallized under such couditious that water 
Tapor and flnorlne^ neoessary for the Ibnnation of biotite, eonld not 
readily escape. 

The morp basic type of shoukinite, described in the original paper and 
meutioiied in this work under shoukinite, with its large aud abuudaut 
poikillcio biotites, would thus in part be aooonnted for. 

Such a rock, though of pyroxenic Tialiit. is very (liflrrtMit from the 
pyroxenites which represent the ditlerentiation end )>roducts of the 
gabbro-peridotite group, as shown by its abuudaut potash, aud is not 
to be eonfoonded with tbeai. 

1*11!1>U(TTI0!T OF B^TTLTS. 

From the results which have been obtained iu the foregoing it 
seems not too mneh to say of rocks of the Yogo series that, given the 

percentage of one element, the chemical composition of any ntck of 
the sorios to witliin a fraction of 1 cent can be dedru ed frttni the 
diugram. it is approximately true in practice and apjtears absolutely . 
So in theory. There are a few analyses of rooks in the Little BeltHonO' 

tains given in these paj^cs svhicb do not fit into the diagram. One of | 
the.se is that of the "I'into" diorite of Neihart. This rock, how- J 
ever, was injected and formed before the Paleozoic, aud the whole of 
that vast period elapsed before tbe Togo series was prodnoed. The 

niiigmas then can liave nntbing in coinnicin ; all sorts of i lian(;i's 
and alterations in maguiatic conditions may have occurred during the 

enormoas lapse of time involved In that great era. Another is the ] 
syenite of Barker, which comes very near thesyenite-diorite porphyry 

• An.4o«r.S«l.,ith MrlM, V«L II, llMl,p.ni. 

I 
i 
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of Bear Park. The differenoe Iie« ohiefly in the reUtion* of in»|pMflia 
and alamina; theM6 are not izreat^ bat still ilistiiict. It is to b« noted, 
however, tliat tliis syenite in a ^aniiiar tyi>e nini an in(l«'f»PiMlent 
abyssal ruck. Tliose rucks, however, wbiuk couuevt geologically with 
tho Yogo Mrien, •vidently of the mine age and belonglag to the some 
gettttal oeut«r. and di'part nio»t clearly frum the diagram, are the 
Rv<^nire-]Hn-pIt3-ry of Yoi^o liidgeaud the t\vol:inipro])liyz<es, theanaloite- 
biuiitlt iiikeH ut' Jiig lialdy and Baudbox muiuitaius. 

Whytbeae depart from the diagran eeri^ can not be definitely 
explained, but the writer believes that thesti cumpleiuentary types are 
rucks of scrundary dilVcreutiatiun, since, in contrtist to the view of 
Brogger,' who holdti the couii)lemeutury rocks in his region to have 
been of deep-seated origin, he believee that in many arena they are 
produced by laccniithic dincrciitiati«iii, ;is in the Judith Mountains.' In 
tins cjise they Ix iMiig to a later order of dlfiereuLiuted products than 
tko8e of the \ ogo I'cak s«'ries, and might well diflfer from them. 

In oondaaion a few dednotionii can certainly be drawn fton the 
n tnarkable relations which have been shf»wn fo exist in the Yogo faeries. 
The masses oceur over a large area and their magmas have certain defi- 
nite relations to one another, so that any one magma may be definitely 
and nmtheuiatically sUited iu terms of tlie others or be derived from 
them. I' is ( iiiicfiviible that the dift'erentiiition line-* nr paths of The 
uiolecuiar oxides of the diagrams might be tlrawu as curves and these 
onrvee mathematically diecnssed and their eqaatione ibund. 

AH this points clearly and unequivocally to the fact that these 
mai^mas luivc had n eommnn. deep >eate<l nrjfriii — tliat they Imve been 
derived Irom a commou source according to some definite law. it does 
not point toirard ttaeee mafnas having lieen produced by chance^ ftom 
heterogeneous substaniwe, m by the absorpti«m of sediments or other 
material; on the contrary, it would Uc iiupos.-iible to concede this and 
at the same time believe that harmonious relationships are due to the 
operations of natural law. 

Whether the relationships and manner of dis<-ussing them which have 
bwn shown for the Yogo series can be also sliovrn at the present time 
Ibr other regions is not ea«>y to say. The great lulvautage in having a 
aeriea of analyaee ftom a unit rode mass whose differentiation repr^ 
sents that of the region is evident, and it would seem lis if this slutuld 
be the i>oint of departure in the study of other series. Some prelimi- 
nary work on other regions of whicli groups of analysers exist seems to 
indicate that generally the relations an mneh more complex than in 
the Little I'.elr area and more difflcnlt to unravel. This may also be 
due in part to the uufamiliarity of the writer with these regions and 
their rt»ck types. 

■ K:'upUTj(<«t«iii«d«« Ctirl«Uiuii«|:ebl«U-». Orornilit-llugunil Sorlo, 1884, p. 132. 
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ABSORPTION OP 8BDIMBNT8 BY MAGMAS. 



In r^ard to the quwtion whioii has beeii brotif^ht np at Tai1<nM 

times, ami which is beiuj; actively debated in Europe at present by 
Brfigffer, Michel T.f'vv. Ij;iortii\-. ami nth«'r"<. n< ti> wIi.tIx'! i'jjiKvnis 
luasties are oapablu ot diM^uiviu^; aud absorbiug lur^t' aiitounu ut the 
stratifled rooks with which they come In eootaot. beeontng obani^ed fa 
com|>i)sition thereby, it can be ^nUl that the Little Bolt area pn^seiits no 
facts ill favor of suHi n view. Tinlt'cd. tlie only o«'«-(irrprit i' in the 
diati'ict which could Iciui any color to mch. a supiMi.sition is that ut 
Yogo Peak, the ehanitie tn ebemical eompositioii from center to Hides 
being aliiuliMl to. Hut licrc again the fivcts speak against it. The con- 
tart iiiotainorphiHUi isttn* incuii-iiilciable; tlie change in hasirityat the 
endMot the ma-sa and not on tlie sides would by this be incomprehuusi- 
ble, althoofrfa esslly ezplaiaed, as previonsly noted, by the coolinir and 
cry--t;illi/iiii; nf a ditterentiated mass; but it is especially in the cora- 
pari.son of the chemirnl comjiositiou of the <Urteient phases that such a 
supposition receives a liuai blow. A refereucu to the comparative table 
of Yogo analysM shows that the greatest increase has been in magnestay 
and that a rock t-ontainiiig an enoriiions jiei-centageof magricsiii in coin- 
]iaris4)u to the other eleinenrs should have becu absorbed; but the 
difficulty is that uo such rock ocenrs in the district. The section, as de- 
serlbed in the foregoing pagew by Mr. Weed, is known tcmn. the gneisses 
of the Archean upwnrtl. ;iml ponsi^Jt?; of i^halfs, sandMtones (i. e., 
(|aartzite8),anU limestoues, the latter coutaiiung but little iron and litUe 
magnesia compared with the lime. It is impossible on anyehemlcsl 
basis to aeooant for the shonkinite as produced by the granite, 
porphyry having absorbed local limpstones or shales. Moreover. I ho 
method of ocoorreuoe «hows, as previously doscribetl, that the arrange* 
ment is looal and most have been prodaoed by local canses after the 
magma reached its present positiiMl. Other fa<;ts in this direction 
niij,'lii hi' cited, but the above is doi-isive and therefore sutTicicnt. .\ 
eoinew hat similar iustance is found at Castle Mouutain aud has lieeu 
desortbed.' It is not intended in this statement to geiiersUze upon 
dtheriegious. Itshonid beclesrly recognized that in different areas 
unlike crondit'ons liave often prevailed and given rise (inifcdiffi-r 
iug pheuoiiiena; suid without regard to the geuerul aspect of this 
qnestion of absorption, it is only intended to show that there is no 
evidence In favor of it in this r^^on, 

■ w.t^l uiitl Ptnmm. OttHogf tfOtaOt MmuiUia alaliig dlaMots MLV. a QaaLSarray Sa. m, 

IMS, p. m. 



20 GKOL, PT 3—37 




CHAPTER VII. 



ANAIiTSEei OF BOCKS. 

For ooiiveiiient reference tbe various aualyseH of rocks of Ibe Little 
Belt Monn tains which have »p])eared in the foregoing pagei< are here 
grouped iu one table. Of these analyses, >iuiul>era I, V, VI, X, XI, 
XII, XIII, XIY, XV, XYII bav« been made by Dr. W. F. Hillebratid, 
and NntnlM IS TI. TIT, TV, VII, VlII, IX, XVI by Dr. H. N. Stokes, in 
the laboraUjry of the I nited Stat«»8 (ieolojiical Survey. Tbe i)ain8tak- 
ing accuracy aud skill of these chemist3 are well kuowu, aud the couteu- 
Uoa of Hillebnnd > far mom exact sod earaAil work In roek wuhlspals Is 
l»rii)fT rnoro arul tnoro instiftr»d as siu Vi data arc given a mathematical 
usage, aud the graphic discasaiou in the foregoing pages is a direct 
evidence of tbte. No problem neetH tbe analytical obemlut requir- 
ing more skill and apeclal training than the complete and accurate 
analysis of an i^nieous rock, and without this training and cart-rnl ntteu- 
tion to the best luodwu methods even a very good analyst is liable to 
make Mrions errors. Tbe too common metbod of tnming rock analysea 
over to beginners and students is an absnrdity on the face of it; more 
nsefnl work on the whole wnnld l>e adiii'veil if the investigator, pro- 
vided he is a chemist, made the aualyses himself aud turned the petro- 
graphio work over to tbe etndeot. Of tbe vast maas of rook analyMS 
wbiob confront the pctrographcr it must be confessed tbatv^ryfew 
arfof any value from a nioHorn standpoint; the moat are mwe^proxl* 
matiuus, and many uot even that. 

Bven in tbe bandbooks prepared by masters of tbe science many - 
aniil.\ >t>s an- quoted wbiob are obviously wrong, especially in the basic 
rocks. A type in described as hein? «*o?npMHpd chiefly of aiifxite and 
olteu olivine, but tiie analysis gives bnt a slight amount of magnesia 
and a large percentage of alamina; or the iron is frtTeo aa ferrio aeid and 
titanic and phosphoric a<'ids are not determined, while lass by ignition 
may be largely carbon dioxide. Tbe writer desires to emphMise tbeae 

* jMir.AnOtaB.Sae.. V«L XVL 1IM,».M; Jliill.Xr.S. OwLfiMmy V*.iia.im, p. U. 
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points, beeanBe io Ins opinion .this is the greatest VMkness in petro- 

grapbic work. Thns, for example, in spite of the givat nmnber of 
oocarreiices which have been deecribed, there are very few reliable 
detailed and aoeniate analyaeaof Etuapean nephellte and lendte basic 
tockt. 
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